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Preface

The impending Outer Continental Shelf (OCS) o0il exploration and
production activities in the eastern Gulf of Mexico have catalyzed the
interest and concern of a significant cross section of individuals and
organizations. The conference/workshops were planned and held to prop-
erly define by priority the critical research and/or information needs
in the subject area, to discuss the development of a scientifically
sound and relevant interdisciplinary program and to identify the persons
to implement same.

The conference/workshop sessions were attended by 352 personms
(Appendix V); participants came from many parts of the United States
(Appendix VI).

The prompt production of these proceedings was coordinated and
supervised by Alma N. Horm, State University System of Florida Institute
of Oceanography. -

The technical editing was done by Christopher L. Combs, State
University System of Florida Institute of Oceanography. Gratefully
acknowledged is the editorial expertise and proofreading done by
Mrs. Kermit S. Combs, assisted by Miss Karilyn Bouson. Transcription
of manuscripts into press-ready copy was patiently done in record-
breaking time by Mrs. Arlene Lyon and Mrs. Marilee Stockwell.

The cover design was adapted, with permission, from a drawing by
Ellyn Jones under supervision of H. K. Brooks, University of Florica,
Gainesville (see Fig. IIE-1, In: Jomes, et al., (eds.) 1973.

A summary of knowledge of the eastern Gulf of Mexico, 1973. SUSIO,
St. Petersburg, Florida). Cover layout and Appendix VI were prepared
by Stuart M. Smith, St. Petersburg, Florida.
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CONCLUSIONS AND RECOMMENDATIONS
OF THE
CONFERENCE AND WORKSHOPS ON
MARINE ENVIRONMENTAL IMPLICATIONS OF
OFFSHORE DRILLING IN THE EASTERN GULF OF MEXICO

St. Petersburg, Florida
January 31 - February 2, 1974



Conclusions and Recommendations

Prepared by

Harris B. Stewart, Jr.
NOAA/Atlantic Oceanographic Meteorclogical Laboratory
Miami, Florida

OBJECTIVES

The objectives of the studies to be initiated by the Bureau of Land Man-
agement (BLM) in the MAFLA area of the eastern Gulf of Mexico as explained
to the conference/workshop participants, were twofold:

1) an initial or short-term baseline study in the vicinity of the present

lease tracts and,

-

2) a continuing or long-term study in the entire eastern Gulf of Mexico,

including the areas specified above.

LR 2

1) Initial (or Short-Term) Study

The time frame of this study was given as follows: A Request for
Proposals (RFP) prepared by February 15, an approximate 30-day
response period, a l4-day review period by BLM, and the letting

of contracts by BLM immediately thereafter——about April 1. The
basic objectives of the short-term contracts are to obtain base-
line samples and data from the present lease tracts before any
exploration commences. In this respect it is envisioned that com-
mercial drilling rigs might be ready for placement in the high
priority areas of the Destin Dome and Mobile South tracts as early
as 60 ~ 90 days from the date of the conference. Thus, the sam-
Pling program must be operational in the 30 - 45 day period immedi-
ately following April 1. The processing of the samples and data
was not expected immediately, although the results would immedi-

ately be of value for future planning of the continuing and/or
long-term studies.

.For this initial study, the problems stated in the simplest terms
were: WHICH PARAMETERS, WHERE, WHEN, AND HOW. In other words, the
short-term program should be directed to the geographic, spatisal,
and temporal factors, and the standardized methodology for sampling
those specified parameters which might be expected to be modified
by offshore drilling. The budget in the initial phase was stated
to be $1.3 million in Fiscal 1974.



2) Continuing (or Long-Term) Study

Subsequent to the very rapid initial baseline study, there is to be
an extended 3 or 4 years of studies to provide comprehensive (or
post-baseline) environmental data for the entire area of the east-
ern Gulf of Mexico, including the areas covered in the initial
study. Funding levels are to be about $3.1 - $3.5 million/year

for this period and at maintenance (monitoring) levels of about

$1 million/year thereafter.

MEETING PROCEDURES

Following formal papers by Federal and State agency representatives, an
ocean lawyer, an industry representative, and four scientific sessions

on the present state of knowledge of the physical, biological, chemical,
and geological oceanography of the eastern Gulf of Mexico, four workshops
were conducted to develop and prepare recommendations for the Bureau of
Land Management and the Interagency Management Committee relative to
required pre-drilling baseline studies in the MAFLA lease areas and longer-
term comprehensive studies in the eastern Gulf of Mexico. These workshops
covered Physical Oceanography, Biological Oceanography, Geological Oceano-
graphy and Chemical Oceanography. On the final morning, each workshop
Moderator presented the results of his respective workshop to the full
meeting and these were followed by questions and discussioms. That after-
noon the workshop Moderators, the conference/workshop steering group,
representatives of the Bureau of Land Management, and such members of the
Interagency Management Committee as were present (BLM, EPA, NOAA, USGS,
Florida and Mississippi) met to review the results of the conference/
workshops and to decide how these could best be provided to the Inter-
agency Management Committee in a form most useful for their meeting to

be held in Washington Febridary 5,at which time they were to initiate work
on the RFP for the MAFLA lease area research. Because final written docu-
mentation was not available from three of the workshops until late that
afternoon, the Chairman of the final morning's summary session agreed to
consolidate the conclusions and recommendations, generated by the workshops
and subsequent discussions, into what must be considered only a tentative
preliminary draft. The draft was made available to the Interagency
Management Committee for their use on February 5. In the meantime the
draft was distributed to each of the workshop Moderators for his comments
and any changes or additions prior to final preparation as the formal con-
clusions and recommendations of this conference/workshop.

GENERAL RECOMMENDATIONS

1. It was the consensus of those meeting the final afternoon of
the conference/workshops that the conclusions/recommendations
of the sessions as they relate to the initial (short-term)
baseline studies should be utilized as a framework within
which to prepare the RFP, and against which to measure the -
adequacy of the proposals expected to be generated in response
to it. There was unanimous agreement that the RFP should not




3.

4.

specify such details as sample spacing, actual station loca-
tions, instrumentation and analytical techniques, repeat
sampling schedules, etc., but that these should be left up

to the proposers. However, many of these details are spelled
out in the more specific recommendations that follow, and
these can be used as a measure of the degree to which any pro-
posal is scientifically adequate to carry out the needed work.

The importance and absolute necessity of good data management
was stressed throughout the meetings, and the following state-
ment was presented by the representative of the National
Environmental Data Service for consideration for incorpora-
tion in the RFP and/or in the final contract; it should apply
both to the contractor and to any subcontractors:

"A first level inventory of data collection activities
must be reported to EDS within 30 days after completion
of each cruise or data collection phase. A National
Marine Data Inventory (NAMDI) form, or equivalent,
accompanied by an annotated sketch of the trackline

or survey area, should be completed and submitted to
the NODC. The data themselves, with a completed Data
Documentation Form, shall be submitted to EDS within
one year of collectiom.

"A second-level inventory will be required for data
which cannot be shipped within the one-year period,
and for special classes of observations such as bot-
tom photographs and biological and geological samples.

" The details of this second level inventory will be
worked out between the appropriate data center and
the data originator.

"At the request of the originator, EDS will perma-
nently retain original records of the following types:
navigational abstracts and trackline sheets; geophys-
ical, XBT and STD strip charts; fathograms; and sup-
plemental records which will permit subsequent users
to evaluate and process original records.

In preparation for the longer-term studies, in particular,
every attempt should be made to provide funding for the
analysis and interpretation of data and samples already col-
lected from the eastern Gulf of Mexico but not yet worked up.
In turn, funding should be provided to publish same as
appropriate.

Whenever geological, chemical, and biological samples are
obtained for baseline studies and analysis, a sample of suffi-
cient size should be collected that a representative sample
can be preserved and stored for additional analyses if desired



at a later date. The repositories for such samples should be
identified prior to the initiation of the short-term baseline
studies; this information should be brought to the attention
of all appropriate persons for action.

SPECIFIC RECOMMENDATIONS

(Note: These recommendations were in large
measure taken verbatim from the written reports
prepared by the workshop Moderators and their
Rapporteurs. The recommendations also include
material brought up during the summary session
the final morning and the subsequent discussions
the final afternoon.) '

A. Physical Oceanography

1.

3.

4.

5.

An operational forecasting procedure for predicting the trajec-
tory of surface-transported oil spills from the MAFLA tracts
should be developed using state-of-the-art methods, incorpor-
ating applicable and available data, and particularly including
a parameterization of extreme meteorological conditions.

A probability distribution model for surface-transported
materials (i.e., the probability of location as a function
of time) should be developed for each lease area encompassing
the considerations in Recommendation 1 above.

Methods, instruments, and operational procedures for verifica-
tion and improvement of the above models should be developed.
Methods and instruments should be subject to a continuous
program of comparison and, where practical, to intercalibrationm.

A probability distribution model, similar’ to that in Recom-
mendation 1 above, should be developed for the transport of
the entire water column, so that the distribution of pollu-
tants originating from the MAFLA petroleum exploration and
production sites might be predicted. Where appropriate, this
model should be functional on a seasonal and vertical basis.
This would necessitate further studies of the mass field.
Available data, whether from direct measurements or indirect
inferences of the water motion, should be included in the
model. The response of the circulation to severe meteorolog-
ical forcing should be included. Since this model would be
extremely useful in planning for the sampling station loca-
tions during the baseline study and for the longer term study,
a capable scientist or, organization should be funded immedi-
ately to compile the ptesently available data and develop
this model.
Methods, instruments, and operational procedures for verify-
ing, augmenting, and extending this model should be developed.
These procedures should utilize appropriate state-of-the-art




7.

methods and instrumental systems and should be subjected to
a regular program of calibration and intercomparison.

Since the horizontal coherence of the wind, barometric pres-
sure, and temperature fields is not well known in the east-
ern Gulf of Mexico, a number of remedial actions should be
taken:

a. All available weather stations along the Gulf Coast
should be brought into full operational and report-
ing capability.

b. A number (probably about 5) of off-shore meteorolog-
ical stations should be established for wind, pres-
sure, and temperature measurements. These stations
may be buoys or towers; their locations should be
determined by a select group of qualified advisors.

c¢. The above off-shore stations should be equipped for
wave and tidal height observation and recording.

d. All drilling rigs, temporary or permanent, should be
required to install meteorological and tidal-height
recorders and to provide a mechanism for making their
data immediately available to appropriate agencies or
individuals (see Recommendation 37).

e. The off-shore instrumentation in b, ¢, and d above should
be "hurricane-proof."

Arrangements should be made to obtain high~quality wave data
(directional and power spectra) at a number of sites (about
20) in locations that would be subject to a variety of meteor-
ological conditions. These measurements should be at near-
shore locations selected by experts in coastal deposition and
erosion processes. Corresponding offshore locations should
be instrumented to obtain wave data for tracking purposes.

The National Environmental Data Service (EDS) should be
requested to prepare and make available to interested persons
a convenient source book of "extreme" environmental conditions
observed in the eastern Gulf of Mexico. This report should
minimally include winds, temperature, and sea state, and the
data should be presented by season and by mini-regiomn.

B. _Big}gg;cal Oceanography

(Note: The group assembled for the biological work-
shop numbered in excess of 120 persons. Clearly it
would have been advantageous for a unified considera-
tion of the biological problems relevant to the BLM
objectives. However, the time constraints and imprac-
ticality of such a workshop size necessitated a divi-
sion into concurrent meetings of subgroups along



10.

11.

12.

13.

14.

15.

disciplinary lines. These were defined as PLANKION,
BENTHOS, NEKTON, and an "Interdisciplinary" group.
These subgroups drafted recommendations which were

" then combined and jointly submitted).

Plankton distribution in the eastern Gulf should be investigated
in both the short-term and long-term programs. However, suffi-
cient numbers of plankton samples are presently available for
initial baseline data and additional samples for distributional
studies are unnecessary.

Further sampling of the plankton at selected stations in lease
and control areas should be done, however, in both the short-
term and long-term programs to determine standing crops and
primary productivity, and other aspects of phytoplankton meta-
bolism. For zooplankton, data are needed on diet, growth,
reproduction, respiration, excretion, biomass, and levels of
trace metals and hydrocarbons. Similar dynamic studies are
required for microorganisms.

Sampling stations are needed in the inshore area (e.g.,

St. Andrew Bay), in the actual lease tracts (e.g., the Destin
Dome area), and at the offshore reference site previously
established at 27°N, 86°W from which time-series data are
already available.

Sampling of fish for adequate baseline data is of little value
in the short-term study but is of considerable value for the
long-term study. Thus no fish sampling should be included in
the former but should be included in the latter.

Four major sampling areas should be included in the long-term
study: nearshore benthic, middle shelf benthic, outer shelf
benthic, and neritic.

a. The nearshore benthic should include river mouths,
marshes, beaches, jetties, and mangrove swamps.

b. The middle-shelf and outer-shelf benthic should
include reefs, sand bottoms, shell-rubble bottoms,
and all other types of substrates.

c. The neritic zone should be sampled for eggs and lar-
vae and for organisms associated with floating objects,
such as Sargassum and its epiphytes.

Catch and effort data from recreational and commercial fish-
eries should be utilized in all studies.

Sampling methods necessarily must include assorted gear, for
not all species can be sampled by a single method; thus, nets,
rotenone, traps, trawls, seines, acoustic devices, and other
types of gear should be used as appropriate. Additiomally, -
plankton nets and trawls are required for capturing eggs, lar-
vae, and juveniles.




16.

17.

18.

19.

20.

21,

22.

(Note: Recommendations 12 through 15 refer omnly to -
the fish component of the nekton. Lack of reference

to other nektonic organisms--e.g., squid and crus-
taceans--merely reflects the time constraints imposed

on the workshop and does not imply any lack of impor-

tance of these components of the nekton.)

Underwvater reconnaissances should be conducted using submersible
vehicles in designated areas to classify and map benthic com-
munities and bottom types. Studies of the benthos utilizing
such vehicles should be planned as multidisciplinary opera-
tions to meet the requirements of the biologists, geologists,
archeologists, and--to a lesser extent--physical and chemi-

cal oceanographers. In particular such vehicles are extremely
useful for sampling organisms.and sediments as a function of
their observed geographic variability. '

Quantitative sampling procedures should be designed for the
benthos, demersal fishes, epifauna, and infauna (both meio-
fauna and larger organisms). The precision should be such
that comparative and repetitive results can be obtained.

Benthic sampling should be carried out in coordination with
sampling for sediments, suspended matter, hydrocarbons, and
trace metals in the water column as well as in conjunction

with sampling for other purposes.

Benthic algae at the offshore towers, Stage 1 and Stage II
off Panama City, Florida, and other control areas should be
examined for: :

a. growth rates in situ in relation to temperature and
other environmental factors;

b. presence in relation to depth and season.

Seagrass distribution and relative densities in the Eastern
Gulf of Mexico should be examined and growth rates studied
relative to season and depth, density and biomass, and epi-
phytes and grazers.

For non-fish vertebrates, such as marine turtles, migratory
birds, sea bitrds, dolphins, manatees, and whales, it is
recommended that studies be conducted (and expanded upon
vhere data exists) on the distribution, abundance, and physio-
logical responses of these animals to foreign substances
introduced as a result of offshore drilling, especially in
view of their aesthetic and intrinsic value.

An inventory of, and where possible,a synthesis from the fol-
lowing samples and data should be made:



23.

24.

25.

26.

a. biological samples by type, location, method, date, and
time of collection}

b. existing data, published and unpublished, by location and
type;

c. photographic records of the MAFLA area from satellite,
aircraft, and surface and subsurface vehicles.

Suitable repositories should be established to store specimens
of representative and/or key species of the total biota of the
area (plankton, nekton, benthos, and non-fish vertebrates) for
studies of the presence of trace elements, heavy metals (man-
synthesized compounds in general), hydrocarbons, adenosine-
tri-phosphate (ATP), and for histopathological studies. Simi-
lar materials should be preserved for future studies, the
nature of which are unforeseen at this time.

Sampling should be standardized to the extent practicable in
regard to location, time, methods, and gear used. Once these
procedures have been established for particular parameters,
they should be maintained for the sake of consistency and com=
parability of results.

Funding support (from BLM or other sources) should be obtained
for the following:

a. expediting the examination and analyses of existing col-
lections from the area;

b. obtaining shiptime and the coordination of. the use of
research and oth&r vessels;

c. sorting and identification of samples;
d. automatic data processing (ADP) and archiving of data;
e. speedy publication of results;

f. deposition and curating of specimens in appropriate
museums.

In considering the impending operations in the MAFLA area
related to exploration, exploitation, production, and trans-

_portation of oil, chronic and catastrophic spills are believed

to have greater adverse biological consequences than spills of
drilling muds and brines and the erection or sinking of driil-
ing structures and pipelines. In the event of oil spills, it
is judged that the most vulnerable components of the ecosystem
are the benthos. The benthic shellfish are the most vulner-
able of the exploitable living resources, and the sea birds,
turtles and marine mammals,of the intrinsic living resources. -
Therefore special attention should be paid to these organisms
viz a viz possible detrimental effects from oil spills.
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It was further felt that the effect of potential spills on pub- .
lic amenities with strong biological aspects should not be
ignored. Such amenities include the biota of the estuaries,
inter-tidal and sub-littoral zomes, underwater parks and pre-
serves, and associated habitats.

C. Chemical Oceanography

28.

29.

30.

31.

The chemical program should be designed in such a manner as to
provide the information needed to establish an adequate base-
line of concentrations and transport processes against which
to compare possible future impacts on the environment related
to oil drilling and related operations. The experimental
design must provide the data base by chemical analyses for
hydrocarbons and other biologically significant substances in
the major reservoirs of concern--water column, biota, sedi-
ments, suspended particulate matter, sea surface, and lower
atmosphere--so as to develop predictive models for the dis-
persion of these substances in and through the shelf system
(see Recommendation 4).

A complete system of interlaboratory calibration of chemical
sampling equipment and techniques and analytical procedures
must be an integral part of both the short-term baseline
studies and the longer-term studies. Many of the biolog-
ically important substances associated with oil production
occur at trace levels in the eastern Gulf of Mexico shelf
system and are therefore difficult to measure accurately.
If firm conclusions regarding possible chemical changes in
the system are to be drawn from the chemical measurements,
there must be an extremely high confidence level associated
with the sampling and analytical methods.

Hydrocarbon levels should be determined in key organisms
in the benthos, plankton, and nekton, in the sediments, and
in the water (including suspended particulate matter and
tar balls). Attention should be focused not only on the
effects of spills but also on the effects of long-term low-
level exposures on the organisms.

Surveys of the distribution of low-molecular-weight hydro-

. carbons in water can be effectively carried out in conjunc-

tion with underway biological or geophysical surveys by
employing the gas "sniffer" system. This will complement

the analyses of the high-molecular-weight compounds ana-
lyzed from extractions from the sediments and organisms. The
latter system can also be employed on stored samples. With
the "sniffer" system, large areas can be covered in a quasi-
synoptic fashion, and the results can be used to extend or
correlate with the more intensive and time-consuming studies
of cores and organisms from discrete points. Both man-imposed
and natural hydrocarbon baseline levels should be determined.



32.

33.

34.

35.

36.

37.

Visible sheens on the sea surface are a sensitive indicator
of activities associated with drilling rigs, pipelines, ter-
minals, and refineries as well as with natural phenomena

such as oil and gas seeps. Rapid detection systems, includ-
ing satellite sensing, are available to detect sheems. Possi-
ble influences and interactions of sheens with biological and
chemical systems should be studied. ’

Certain substances such as barite, drilling muds, brines,
resuspended materials, and heavy metals added to the marine
environment as a consequence of drilling and production opera-
tions may or may not in themselves be harmful. They may,
however, be useful indicators of the sphere of influence of
drilling rigs, pipeline trenching, and other associated activ-
ities. Because their transport through the shelf system of

the eastern Gulf of Mexico is intimately related to water
movement, these measurements should be integrated with the
program in physical oceanography (see Recommendation 4). Tar
balls, because of their capacity to accumulate trace substances
such as chlorinated hydrocarbons, are recommended as pertinemt
subjects of inquiry in the MAFLA area.

Fluxes of hydrocarbons across the sediment-water interface and
the sea-air interface should be investigated and monitored as
well as the dissipation and degradation of hydrocarbons and
other pollutants in the sediments.

Changes in nutrient levels may reflect perturbations imposed
on the ecosystem by both natural and man-made sources and
should be monitored and studied.

Two discrete but cdordinated approaches to the problem of
sampling locations encompass both an early program in the
high-priority areas mentioned in Recommendation 43 and a
longer term study of the entire shelf area in the eastern
Gulf of Mexico. Ultimately a continuing monitoring program
should be mounted with the design of such a program based to
a large extent on the understanding acquired during the
short-term and longer-term projects.

A chemical sampling grid with a 10 km spacing between sample
points is recommended extending from the high-tide mark on
shore to the outer edge of the shelf. Justification of

such a sample spacing is based on empirical experience in
other shelf programs as a compromise between thorough cover-
age of sedimentological and biological parameters and logis-
tic feasibility. In additiom, unpublished data suggest that
the detection of any effects from discrete oil spills on
sediments on the open shelf is limited to about 8 km from
the source of the spill. However, these grid spacings must




38.

39.

40.

41.

be flexible in order to accommodate local conditions and
objectives. Special attention should be paid to pipeline
corridors and terminal facilities prior to final selection
of sites. Moreover, not all samples need to be analysed
immediately, and a system of archiving of samples appro-
priate to the above objectives should be established (see
General Recommendation 4).

A limited number of atmospheric sampling stations should be
established 10 km offshore. These should be at the same
sampling locations for the measurements called for in Recom~
mendation 6.

To the maximum degree possible, the chemical sampling pro-
gram should be coordinated with the other sampling programs.
That is, the same bottom samples wherever possible, and
certainly the same bottom sample station, should be used

by all disciplines. Where water column and atmospheric
measurements are called for, these should also be made at
the same stations and at the same times.

A pinimum of quarterly sampling for water chemistry is recom-
mended, and at each of these stations serial samples should
be collected over a minimum of two tidal cycles.

A special effort should be made to obtain samples during
high-energy conditions such as tropical storms, frontal
passage, and hurricanes.

Geological Oceanography

42,

43.

645

Although no adverse environmental effects are anticipated
during the site survey stage, the site preparation stage for
rig emplacement often includes the extensive use of shell
fill. All anticipated baseline sediment sampling within

the MAFLA lease areas should be completed prior to initiation
of filling operations.

Bottom sediment samples should be obtained on a flexible
grid of generally 1- to 2-mile spacing within the actual
MAFLA lease areas. In addition there should be a high-
density sampling along selected transects at half-mile
intervals with one-eighth mile spacing over selected por-
tions. Areas for special sampling can be identified during
the submersible surveys called for in Recommendation 16.
Two down-slope transects and two along-slope transects per
lease area are considered as minimal.

It is realized that it will be extremely difficult to reoccupy
exactly a station previously sampled and that spacial vari-
ations in sediment characteristics between two samples taken
within feet of each other may totally mask any changes in the
same location with time; nevertheless, it is recommended

13



45.

46.

47.

48.

49.

that bottom sediment sampling stations be sufficiently well
located that repetitive samples with time can be obtained
for geological, biological, and chemical sampling. Onme
possible technique is to install recall-markers on the bottom
and to use divers as the major sampling mechanism.

Of special importance is the inventorying of existing sedi-
ment and rock samples and information from the MAFLA area
(see General Recommendation 3).

Surface materials on the bottom should be sampled by appro-
priate means for the type of bottom encountered. Box cores
and grab samples will be adequate in most instances, and pro-
visions must be made to obtain samples of sufficient size to
allow samples to be made available to the biologists for
studies of the in-fauna and epifauna, to the chemists for
their studies, and for archiving designated sample reposi-
tories (sece General Recommendatiom 4).

Because of the large expanses of sandy bottom in the MAFLA
area, vibracore samples will probably be needed. These

- ghould be planned at one-mile intervals in the detailed

transects. This would be a one-time operation and not
required for the monitoring program.

Bottom sediment samples should be obtained in order to evalu-
ate the following:

a. the factors relating to possible smothering of the
' benthic epifauna by discharged drilling mud or drill.
hole cuttings;

b. the variation of barium in the sediﬁents for compari-
son following the discharge of barite drilling muds
into the environment;

c. the possible effects of brines discharged in associ-
ation with drilling and production;

d. the possible enhancement of the hydrocarbon concentra-
tions as a result of drilling and production (see Recom=-
mendation 28);

e. the possible enrichment of the sediments in heavy metals
related to the discharge of brines (see Recommendation
33);

d. the possible variation in concentration of lead isotopes.

Analyses of all sediment samples should include the sediment
parameters of size frequency distribution, mineralogy, distribu-
tion patterns, accumulation rates where possible, and an evalua-
tion of the sediment sources.

N
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51.

52.

53.

S4.

55.

56.

For suspended sediments, in the pre-drilling phase, five- -
gallon samples at the surface, mid-depth, and near the bottom
should be collected on a 10 km grid,first in the Destin Dome

area and then in areas of lower priority. Monthly sampling

for one year is recommended to establish baselines and annual
trends.

Transmissometer measurements should be made concurrently with
the collection of the suspended sediment samples. If possible,
dissolved oxygen measurements as well as measurements of the
water temperature, salinity, and currents should be made at
the same time and place (see Recommendation 18).

Once actual drilling has been started, vertical transmissometer
measurements should be made on at least four equally spaced
radial transects originating at an active rig site. These
data can also be used as verification of the model developed

in response to Recommendation 4. Water samples for suspended
sediments should also be obtained at depths dictated by the
transmissometer measurements so as to identify the trajectory
of suspended materials discharged at the rig.

Sediment traps placed in an array determined by the model
proposed in Recommendation 4 might be used to determine the
accumulation rates and the bottom distribution of materials
injected into the environment at the drilling site which
might have a smothering effect on the epifauna. However, new
techniques for studying sediment movement under wave activity
need to be investigated.

Laboratory analyses on collected suspended sediment samples
should include clay mineralogy, scanning electron microscopy
to identify particle types to discriminate between natural
and man-induced particles, size analysis, organic/inorganic

carbon ratio determinations, and analyses of heavy metals and
toxic materials.

Suspended sediment studies are included to quantify suspended
sediment discharges from drill sites, to identify potentially
toxic additions to the environment, to aid in identifying
transport paths of materials from the drill sites, to identify
particle types that might adversely affect critical stages in
the growth and development of marine organisms, and to provide
an answer to the question as to whether or not there is a
degradation in water quality from an increase in water turbidity
that might be biologically or aesthetically unacceptable.

Sediments in the area immediately surrounding a drilling site
should be monitored at least once every three months during
drilling and not less than yearly during the production phase.
Analyses should be directed toward determining any possible
effects resulting from the discharge of brines and drilling
muds as well as from chronic or catastrophic oil spills.

15
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58.

59'

? 60.

Although the various petroleum companies have undoubtedly
conducted detailed bathymetric and geophysical surveys in
each of the lease areas on which they bid and particularly in
those in which they will operate, these data are generally
considered as proprietary within the company and are not
available. Therefore as part of the longer-term studies the
National Ocean Survey should be requested and funded to pro-
duce detailed bathymetric maps of each lease area at scales
and contour intervals commensurate with the needs of the
scientific studies that will use these maps as base maps.
Desired scales and contour intervals will vary as a function
of the bottom topography encountered in each area,and all the
way to the beach,but in general scales of 1:80,000 to
1:20,000 and a contour interval of five meters should be
adequate. For the longer-range studies, existing bathymetric
data in the NOS files, supplemented by additional surveys where
needed, should be used to compile a new and accurate bathy-
metric map of the eastern Gulf of Mexico at a scale of
1:250,000 and a contour interval of five meters.:

Geophysical surveys for magnetics, gravity, and sub-bottom
structure should initially be limited to the areas under

lease and proposed pipeline corridors and later continued on

a long term basis with a less dense grid, throughout the MAFLA
area. Emphasis should be given to continuous underway geophys-
ical measurements that can be conducted simultaneously and pref-
erably 1in conjunction with other oceanographic measurements.
In particular these studies should be directed toward the
identification of geological structures and potential hazards,
natural submarine discharges of water and hydrocarbons, the
transport of bottom sediment, and marine archeology. Seismic
side-scan sonar and "sniffer" surveys (see Recommendation 31)
should be begun as soon as possible, in the areas identified
for early drilling, and later continued on a long-term basis
throughout the MAFLA area. .

All surveys and sampling locations must utilize the highest
precision navigational control possible so that the resulting
data are of maximum usefulness to follow-up studies (e.g.,
repeat surveys), before-and-after comparisons, and to the
sampling in the physical, biological, chemical, and geological
programs. . T ’

Every effort should be made to obtain copies of surveys made
by or for the petroleum companies in the easterm Gulf of
Mexico in order to prevent costly duplication. Possibly this
requirement could be included by the Geological Survey as a
condition to the issuance of any drilling permit.

To prepare for an adequate evaluation -of the effects of a
possible oil spill, studies should be conducted on the effects
of 0il on beaches, marshes, and swamps along coasts ranging

16
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62.

63.

64.

65.

from high-energy enviromnments to low-energy ones. In particu- .
lar the effects of introduced oil on the overall sedimentary
regime should be evaluated.

The topmost layer of bottom sediments (ca. 15 cm) should be
sampled to evaluate the possible historical record of plankton
and trace metals in the sediments.

For the shoft-term studies, the geographic extent of the
Karst topography on the MAFLA shelf should be determined.

As part of the longer-term studies, a coordinated project
should be developed jointly with the physical oceanographers
to provide an understanding of the dynamics of the sedimen-
tary regime on the eastern Gulf of Mexico shelf. Particular
attention should be paid to the effect on the sediments of
environmental extremes; e.g., hurricane-generated waves,
incursion of the Loop Current, and storm surges (see Recom-
mendations 7, 8).

The possibility that submarine sediment lithification is
dominantly a surface phenomenon (cf. the Bahama platform and
the Persian Gulf) with unconsolidated sediments at depth
should be investigated.
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Objectives of Conference and Workshops

Robert E. Smith
State University System of Florida
Institute of Oceanography
-St. Petersburg, Florida

The ENVIRONMENTAL STATEMENT, both.the draft and the final copy, for
a proposed 1973 Outer Continental Shelf OIL and GAS GENERAL LEASE SALE
OFFSHORE M1SSISSIPPI, ALABAMA, AND FLORIDA, has received broad dissemina-
tion and in turn has been critiqued by a substantial cross section of
individuals and groups representative of Federal and state government,
academia and industry. It is not the purpose of this conference and
associated workshops to present any type of synopsis or critique of the
Environmental Statement per se; but it is a purpose of the three days of
sessions to address environmental issues that have been, and are being,

associated with statements that were and were not presented in the
document.

I will not belabor this but, suffice it to say, the Outer Conti-~
nental Shelf oil exploration and production activities in the eastern
Gulf of Mexico have catalyzed the interests and concerns of a significant
number of individuals and organizations as exhibited by the persons assem-
bled for these sessions. However, it should be pointed out that the
marine environmental implications of offshore drilling are one of many
activities which must be given serious consideration if these are to be

handled in any manner other than by the typical inefficient and overly
expensive crash program or brushfire approach.

' The interests and concerns today happen to be petroleum exploitation
in the eastern Gulf; yet tomorrow figuratively speaking, many of the indi-
viduals present, and organizations represented, will be confronted with
fuking decisions on the marine environmental implications of such activ-
ities as establishing nuclear fueled fower plants offshore; evaluating
the feasibility of constructing sewage outfalls on the Continental Shelf
Or .addressing the subject of site selections for offshore disposal of
household -and industrial wastes; mining and farming the coastal and off-
shore areas will need to be considered and so on. During these delibera-
::zns many of us will be prone to dwell on the potential deleterious

° icts that might be associated with the offshore activities. But, I
ef?e::e ail of us to take into consideration the potential beneficial

o e S that can result as part of man's activities in the further devel-
pment of the living anu non-living resources of this area. There can

21



be numerous beneficial effects if we as individuals, and collectively,

are willing to plan accordingly. And, I stress offshore areas in general,
not specifically the eastern Gulf of Mexico. Yes, these conference/
workshop sessions that are convening this morning have been brought about
by the impending OCS petroleum operations in the eastern Gulf, but these
activities represent only a part of our challenges of the future through-
out the entire world's marine environment.

There has been considerable consternation associated with the plan-
ning and development of these conference/workshop sessions as many of you
are aware. Therefore, I think that it would be proper at this time to
provide an abridged synopsis of how they have come about.

Why? I feel this question has been adequately covered in my preced-
ing statements and in a memorandum that will be cited later.

When? The time frame is the hooker. In late November 1973, Dr.
Frank T. Manheim, then of the U. S. Geological Survey, Woods Hole, and
now Chairman of the Department of Marine Science, University of South
Florida, contacted Dr. James 1. Jones, Research Coordinator, Florida
Coastal Coordinating Council, to discuss the marine environmental impli-
cations of offshore drilling in the eastern Gulf. The discussions
prompted calling a meeting here in St. Petersburg on December 10, 1973.
It was decided in the meeting that a "trial balloon" should be launched
to determine whether sessions such as now programmed would be of suffi-
cient interest to a significant number of people, and in particular the
right people, to warrant the planning and conducting of such sessions;
and at the same time, to establish appropriate dates if the meetings were
to take place. A memorandum was prepared and mailed on December 13, 1973
to more than 200 persons for the initial poll (Appendix I).

In the meantime, it was recommended that I present the subject of
the December 10 meeting held in St. Petersburg, and the December 13 memo- .
randum that resulted, at the Florida Interinstitutional Committee on
Oceanography (FICO) meeting scheduled for December 18 to be held at
Rosenstiel School of Marine and Atmospheric Science, Miami. In other
words, the FICO members, representing Florida State University (FSU), Flor-
ida A & M University (FAMU), University of Florida (UF), University of
South Florida (USF), University of West Florida (UWF), Florida Atlantic
University (FAU), Florida Technological University (FTU), Florida Inter-
national University (FIU), University of North Florida (UNF), Rosenstiel
. School of Marine and Atmospheric Science (RSMAS), NOVA University (NU),
Florida Institute of Technology (FIT), 0. S. Naval Coastal Systems
Laboratory (NCSL) at Panama City, would constitute the next poll (member-
ship list of FICO Appendix II). If the group felt that what was being
proposed was in principle warranted, based on all things considered,
then it would be further pursued.

FICO did agree in principle, and in turn established an ad hoc
steering committee consisting of Drs. William Richardson, NOVA; Warren
Wooster, RSMAS; Frank Manheim, USF; James Jones, FCCC; Thomas Hopkins,
UWF: and me, SUSIO. I was appointed chairman and we were charged to

-




proceed with all haste practical. The identification and follow-up of
potential funding sources and the determination of appropriate dates for
the meetings were the first milestones that had to be met. As it turns -
out the selection of dates was in most part firmed up on the basis of

the ultimate sources of finding support.

The FICO members and many others felt very strongly that it was
impractical and virtually impossible to attempt to organize and convene
such an important set of sessions in the ridiculously short time frame
we were limited to between middle December 1973 and late January 1974,
roughly 45 days. We thought at the time, dates in February, March or
April would have been better. However, the steering committee was
strongly advised by government agency representatives that to have the
greatest meaning regarding the subject of marine environmental implica-
tions of offshore drilling in the eastern Gulf of Mexico, it would be
mandatory to select the earliest possible dates. This weighed the bal-
ance to the impractical side. But interestingly enough, by this time we
had commenced to receive a flood of positive responses to the December 13
memorandum that had been disseminated as the "trial balloon." Representa~-
tives of government, academia and industry were in agreement that there
was definitely a pressing and justified need to have the proposed sessions
but they would prefer to have the January 31, February 1, 2 dates, as
suggested in the initial memo, slipped back-in order to allow for some
much needed planning time. Nevertheless, the consensus of opinion,
derived from numerous communicatiomns, both letters and telephone calls,
was that if the determination was made to "pull-all-stops" in order to
meet the January 31 start date, then to count them in, and to alert them
of same in order that they could plan to participate. An announcement /
invitation firming up the subject, time and place for the conference/
workshops was disseminated January 15 (Appendix III).

Obviously, based on the many things considered, and certainly not by .
unanimous decisions, we find ourselves here today to participate in the
program as presented (Appendix IV). Admittedly, probably each of us would
have preferred to have more lead time; on the other hand, I believe that
the many people responsible for planning and developing the conference
and workshops have done a tremendous job. I want to express my appreci-
ation to each of you who have been involved in this. I want to also
express appreciation on behalf of everyone here to everyone here, as each
¢t us should play important roles in the program overall. We have gath-

¢red, but we must now participate in our own way to make these sessions
Productive and meaningful. '

If I were all~knowing I would like to present an overview of who has,
°r is to do what, when and where with regard to the past, current and
!?ture Outer Continental Shelf development activities; in turn, I would
i.kelto cite the responsibilities, roles, goals, interests, concerns and
\?Vn-Yements of the respective federal and state agencles, of industry and
;: af«demia. However, since I am not all-knowing, nor do any of my col-

éia;f consider themselves to be, a representative cross section of
Qualified individuals agreed to assemble for this purpose. As a result
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ot their presentations, the papers to be given in the scientific sessions
and the in-depth discussions that are to be carried on in the workshop
sessions, I trust we will be able in the three days to: jointly define
by priority the critical research and/or information needs in the subject
disciplines and geographic area; to develop a scientifically sound and
relevant interdisciplinary program; and to identify the qualified, appro-
priate and available persons to conduct same. Furthermore, in so doing
we must be mindful of the fact that adequate data and information manage-
ment must be an integral part of the proposed plan. Too often this is
overlooked both in the initial planning and the ultimate goals; let's
not allow this to occur with the current concerns.

Introduction of Speakers
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Bureau of Land Management Responsibilities and Goals
as Pertains to the Eastern Gulf of Mexico

John Sprague
Bureau of Land Management
Division of Marine Minerals
Washington, D. C.

The purpose of the talk was to describe the responsibilities of
BLM and our role in the conference proceedings. A discussion of BLM
leasing and related responsibilities on the Outer Continental Shelf was
presented. A discussion of oil and gas leasing activity was given as
well as a discussion of BLM's marine organization and structure. The
objectives of BLM in its environmental research in the Northeast Gulf
of Mexico in general and on lease sites in particular were presented.
A discussion was also presented of administrative and personnel actions
associated with the research. The talk concluded by identifying ways

in which the conference/workshops might help BLM in its environmental
research mission.

Editor's Note: 1If additional specific-information pertaining to the
subject of the presentation is desired by the reader, please contact

Mr. John Sprague
U. S. Department of the Interior
Bureau of Land Management

Division of Marine Minerals (732)
Washington, D. C.
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- Environmental Protection Agency's Role,
Interests and Responsibilities
With Respect to the Outer Continental Shelf Development

Andrew McErlean
U. S. Environmental Protection Agency
Washington. D. C.

EPA with respect to MAFLA, has at the working level, been trying

to initiate and develop the scientific basis for management decisions.

At the outset it is necessary to underscore our belief that energy devel-
opment and environmental concerns are not necessarily incompatible. To
this end EPA has devoted a large amount of time and effort to the MAFLA
issue and the implications of this. This activity is highly significant
in and of itself: however, one of the most important implications of MAFLA
is as it relates to the Outer Continental Shelf development in general.

As you know, similar development is -planned in other coastal waters,
off Alaska, California, Texas and the Atlantic Coast. Development of
these areas necessitates a data basis that will allow wise and informed
management decisions. The enormity of these projects, the potential
problems they present, and the need for a sound technical basis argues
for a large degree of cooperation and coordination among federal, state
and private institutions and agencies. With respect to these areas and
to MAFLA, both time and funding are finite. These limitations impose
restraints on the scope and subject matter of the investigaticns, and
require that suggested projects be compared to the management needs and
pass the tests of pertinence, achievability and value. These limitations

also require that objectives be clearly stated and that the results be
factored into the management scheme.

It is my hope that the concerned agencies will insist that each
project or effort be vigorously justified and its potential usefulness
be evaluated before a project is initiated. This is really a way of
saying that we have neither the time nor the money to study the universe.
It is also a way of saying that "applied" research is required. The
distinction between "basic" and "applied" research has eluded me except
for the observation that research findings lose their '"basic'" label when
they are applied to a practical problem. We are all here at a meeting
supported by various federal agencies because we need your advice as to
how and what should be studied in the Eastern Gulf to establish a mean-
ingful technical program that can be used by management.

to doThe specific legislative concerns and responsibilities of EPA have

vith the platforms and the materials they might discharge. These
discharges will be

legis) permitted under the NPDES program and the enabling
gislation or legal citations for this authority are contained in
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P. L. 92-500, section 502(12). This is the narrowest possible inter-
pretation of either our interestg or responsibilities with respect to
0CS. There are many other ways in which EPA is directly or indirectly
involved in the entire gamut of OCS operations in the wider sense. It
is not possible to define all of these interestsor responsibilities;
however, some limited citation of these might be of interest--such as
section 104(N) of Public Law 92-500 which mandates the administrator to
concern himself with estaurine areas, the ocean dumping concerns, EPA's
advisory role with respect to spills, and the presence of the National
Marine Water Quality Lab whose mission it is to provide the scientific

basis for the establishment of marine and estuarine water quality
standards.

The problems posed by rapid OCS development are myriad. Indeed, we
may not even know enough to recognize all the real or potential problems,
yet development is a certainty. Nature is constantly surprising us by
tweaking the nose of accepted axioms and maiming sacred cows. One of
my real fears as a scientist and a taxpayer is that of asking working
scientists to indiscriminately reply to the question, "What needs to be
done to understand a particular activity or its implications?” This is
not unlike giving an automotive mechanic Carte Blanche with a '61 Chevy.

One card-carrying cynic, in criticizing the current vogue in "en-
vironmental studies' (which incidentally bears the wicked title of "The
impact of impact statements"), cites a 1list of seven commandments which
I will repeat here for your amusement and consideration:

1. Thou shalt frame the ecological question with a null hypothesis.

2, Thou shalt so construe their industry in the fields to falsify thy
null hypothesis. . '

3. Thou shalt be duplicate, yeah verily even triplicate, in all that
thou dost.

4. Thine industry shall be offered to the statistical priests to receive
blessing thereof.

5. Thy labors shall be artful both in the fields and in thy cell.

6. Thou shalt make thyself safe against the cunning of the devil who is
called pollution.

7. Thou shalt not seek before the question for it is in vain.

It 1s possible to both agree and disagree with each of the above
depending upon your particular scientific persuasion. Also I'm sure
that new commandments could be generated on the spot.

Within this room is an impressive assemblage of experts and expert-
igse. We are gathered here to exchange information and specify our
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concerns for development of the Eastern Gulf. Hopefully, from the
workshops will result a plan and a methodology for providing the needed .
information. This plan should be phased to accomplish two goals--the
short-term needs for exploratory drilling and the longer range needs
specified earlier. It may be helpful to mention a few specific needs
that require a technical or a scientific resolution.

The platforms will discharge large volumes of brine
which may be of low water quality. Salinities will
be high and dissolved oxygen may be low. Will this
have a significant impact at the immediate release
point or on the system as a whole? What discharge
limits, 1f any, should be imposed?

Drilling muds and other materials may be discharged.
What level of control, if any, is meeded to protect
benthic organisms? .

Drilling activities may form blockages to migratory
species. Can activities be regulated by variable
operation schedules for instance, to assure passage?

Reef areas in the Eastern Gulf are highly productive
and some platforms will undoubtedly be placed in po-
sitions that may affect these assemblages. Can deep
reef systems in the Gulf be studied with available
tools? Can they be studied quantitatively?

Is the current state of knowledge relative to hydro-
logy and meteorology adequate to predict the time
and place of landing of a spill?

Which dispersants, if any, should be used at which
time?

These are some of our concerns in question form. We need your help
in framing answers or suggesting what studies must be initiated to pro-
vide the technical basis to provide answers. Ten years from now will
MAFLA represent the model of how to, or how not to do it? In a real
sense it is up to the people at this conference!
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Geological Survey's Contributions to Ecosystems Research

Roland von Huene
U.S. Geological Survey
Washington D.C.

The Geological Survey's program of marine environmental research is
an outgrowth of long-standing programs such as the cooperative Woods Hole
Oceanographic Institution/U.S. Geological Survey investigations that
started more than ten years ago. Various divisions of the Survey are
involved. The Water Resources Division, in addition to its program moni-
toring stream discharge, has been involved in developing numerical model-
ing of Tampa Bay. An interesting highlight of the Division studies off
Florida is the research on a submarine spring south of Tampa where waters
of anomalous temperature, and possibly with high, heavy metal content have
been found. The Conservation Division regularly monitors offshore drill-
ing and enforces the environmental regulations that limit discharge of
possible pollutants. The Geologic Division is mainly involved in topical
research studies. One area of concentration is in three Texas lagoons
local to the regional office in Corpus Christie. A reconnaissance geo-
chemical study was reported not long ago which contains the results from
studies of samples taken along the Florida shelf. Recently, an intensive
study of geological hazards along the Mississippi Delta has been started.
Also related to envirommental problems are the regional studies of geo-
logic structure. The Gulf of Mexico reconnaissance study published in
a8 recent professional paper is being followed by a compilation of all

available data on geologic structure. Within a year, a regional tectonic
map should be available.

These efforts are but a small part of the total program that was
Planned but which could not be carried out because of the recent national
under-funding in science. The most complete Geological Survey multi-dis-
ciplinary ecosystems study is in San Francisco Bay. It is a model of
Studies that were also planned for the Gulf of Mexico and the Atlantic
coast, Two significant results of our experience with the San Francisco
Bay project are in the area of communications. First, the problem of
1nterdisc1p11nary communication has been greatly alleviated by housing
all scientists in the same building and allowing them to work in adjacent
laboratories. The San Francisco Bay team also works together on a single

ship, and to a great extent, on the same material. A second area of com-
munications

local nah vhere gains have been made is between the scientists and the
San‘Frzu iic. The numerous public appearances by scientists from the
l‘cture:°1°°° Bay project have been highlighted last year by 99 talks and
communt 0 the local area. The effects of involvement with the local
aities 18 now beginning to pay off as shown in recent actions by

®unicipal governments and the state legislature. One of the aspects of
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environmental work often overlooked is the socio-political length between
the scientist and the public, which is essentially the link between sci-
entific information and its utilization.

One great concern that most scientists have is that with great na-
tional pressures for development of OCS oil and gas resources environ-
mental concern will lessen or be brushed aside. Encouraging, however, is
the step that the Office of Management and Budget has just made by recog-
nizing an OCS management responsibility that includes funding of adequate
environment research. The MAFLA area is the first to receive such funding.
Since a good understanding of the MAFLA ecosystems 1s a task that will
challenge our collective abilities, the whole scientific community has a
charge to work quickly and effectively toward this goal.
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NOAA's Role and Responsibilities
With Respect to Outer Continental Shelf Development
in the Eastern Gulf of Mexico

Allan Hirsch
NOAA/Marine Ecosystems Analysis Program
Washington, D. C.

The National QOceanic and Atmospheric Administration's interests and
responsibilities in baseline investigations of the N. E. Gulf of Mexico

with respect to the forthcoming offshore development stem from two basic
NOAA missions. These are:

1. Management and protection of marine resources.
2. Survey, study and analysis of the marine environment.

With respect to management of marine resources, NOAA's responsibili-
ties include those of the National Marine Fisheries Service relating to
fisheries resource management, including important responsibilities under
the Fish and Wildlife Coordination Act for advising on federal actioms
which could alter the environment. Environmental considerations are
also involved in administration of the Marine Mammal Protection Act
of 1972. NOAA also administers the Coastal Zone Management Act, which
provides funding for development and implementation of state coastal
zone management programs. Under this legislation, the Department of
Commerce, through NOAA, has a very important role in coordinating the
views of federal agencies concerning proposed state coastal zone manage-
ment programs and in providing federal approval for such programs.

Another recent responsibility involves the authority to designate Marine
Sanctuaries under the Marine Protection, Research and Sanctuaries Act of
1972. In this regard, it may be of interest to know that NOAA is already
vorking with the Bureau of Land Management to consider possible designa-

tion of the Flower Garden Reefs in the Western Gulf of Mexico as a Marine
Sanctuary.

ccle A ?econd category of NOAA responsibility relates to the agency's
the :;iiic and technical mission of surveying, studying and understanding
are e.f ne environment. A wide range of NOAA programs and components
resextgiggg in thisfmission. These include such activities as the

. ograms of th -
tories in Miomg. e Atlantic Oceanographic and Meteorological Labora

Center of That laboratory, together with the Southeast Fisheries
the National Marine Fisheries Service in Miami, the Gulf

Co
4stal Fisheries Center in Galveston, as well as other NOAA scientific
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and technical facilities such as those at the Mississippi Test Facility
all combine to provide a very strong NOAA scientific capability in the
Gulf region. The National Ocean Survey with its tide-and-current work
and Mapping activities is yet another example of a NOAA component whose
mission relates directly to the problem at hand. The Environmental Data
Service, with its marine environmental data management responsibilities
also plays an important role, as do other NOAA components. Represent-
atives. of several of these NOAA activities will be speaking on the pro-
gram at this workshop.

These various responsibilities give NOAA a key interest and role in
the problem we are gathered here to address today. NOAA's position can
be summarized as seeking a balanced approach to the development of off-
shore resources. The need for development of these resources in relation
to the Nation's energy requirements is well recognized. However, exist-
ing scientific information on the marine environment is inadequate, and
additional studies are essential if we are to maintain a balance between
offshore development and environmental protection.

I believe that we--not only the representatives of the federal
agencies, but representatives of other levels of government, academic
institutions and industry--have a real responsibility to design and con-
duct environmental studies which will assure that we can detect, predict
and prevent environmental damage. As a member of the Inter-Agency Manage-
ment Committee working with the Bureau of Land Management and other
agencies to design studies of the N. E. Gulf of Mexico lease area, NOAA's
principal concern is to assure that these studies will be adequate to
that end.

Among the elements we believe must be stressed are the following:

1. Because of the very tight time constraints dependent upon the drill-
ing schedule, we must distinguish between those studies that must
get started now and those that can await design of a more orderly,
fully comprehensive environmental study effort.

2. Priorities must be established. We must identify those observations
that should receive early and immediate attention because they repre-
sent parameters that are likely to be impacted or to be indicators
of impact. We must identify and quickly measure those things that
are likely to change. Physical transport mechanisms are not likely
to change as a result of drilling activity, but the hydrocarbon
levels in various organisms may.

Thus a constant theme throughout the workshop's discussions ought
to be to address these short-term, pre-drilling baselines. We must
ask, what should be measured? how should it be measured? where
should it be measured? when should it be measured?

3. An integrated study design must be formulated, and that design must
be addressed to the issue at hand~-namely the environmental impact
of drilling and associated development. The opportunity for cenducting
- baseline studies cannot be used as an excuse for a series of studies—-
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" addressed to that issue. At the same time, the studies that are

however well conceived and important scientifically--which are not

done must be scientifically sound, and not merely expedient.

Ways must be found of making available and utilizing existing data,
both to assist in envirommental analysis and interpretation, and for
the purposes of formulating study designs.

Appropriate means of calibration and quality control must be applied
if the data collected are to be meaningful. For example, many sci-
entists and laboratories claim the capability to do hydrocarbon
analyses, but probably very few can provide such analyses on a truly
reliable and comparable basis. In fact, we might think of the pro-
posed baseline studies as an incomparable opportunity for collecting
non-comparable data unless we are very careful in this regard.

Last, I would stress the importance of a systematic data management
process. We must be able to archive and retrieve and manipulate the
vast array of data which will be collected.

These are the points that we will be working toward as this study

effort unfolds. We look forward to receiving the views and advice of
the many scientific experts present at this workshop on these points.
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Navy's Oceanographic Program and Offshore Technology

L. M. Riley
Office of the Oceanographer of the Navy
Alexandria, Virginia

The U.S. Navy exists because the Ocean is there. If the Navy is
going to be effective in its mission, we have to know what there 1is
about the ocean that affects our operations. The purpose of Navy ocean-
ography 1s to get that knowledge as quickly and as efficiently as possi-
ble and to convert that knowledge to technology for enhancing operational
effectiveness. We've been at the job longer than most others, and be-

cause we were first, we have developed new meanings for the word"ocean-
ography.”

The Navy has always needed to know about water depth, currents,
waves, and changing weather patterns. As our operational systems become
more sophisticated we need more detailed -information about the marine
environment. Our concept of oceanography has changed in the past 30
years or more, and we have learned that we cannot design new systems to
operate in the ocean without understanding exactly how the environment
affects their operation. New system concepts have come out of better
understanding of the ocean environment, and at the same time, better
understanding of the environment has generated new systems requirements.

The Navy is the dominant user of the sea. While many others also
use the sea, the Navy is involved from its surface and its interface
vith the atmosphere down to the ocean floor. Of all United States federal
agencies, only the Navy uses all the products and services it develops
in its ocean programs. Other federal agencies support ocean programs
that provide oceanographic services to other users. The Navy is in the
business to improve its operational capabilities and to broaden its
options for respomnse to totally ocean-oriented responsibilities.

I would 1ike to illustrate, by a description of the Navy's ocean-
ographic program, how the Navy's efforts have expanded the meaning and
objectives of oceanography for the Navy and for the Nation. Our achieve-
Rents in oceanography serve a double purpose of supporting the Fleet and

Providing a base of knowledge upon which civilian programs in the oceans
&re able to build. Be upe progr

sort The Navy's oceanographic program is divided into four major cate-
ocea:. of activity: ocean science, ocean engineering and development,
ographic operations, and environmental prediction services.

!hid:ff Program is funded this year at nearly 200 million dollars,
épresents about one third of the national dollar commitment to
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ocean programs. Two-hundred million dollars for Navy oceanography doeg

not include the cost of environmental research and development of comby g

ships, aircraft, or submarines...nor the operational cost of our signify.

cant deepsubmergence progranm...nor salvage and diving. For example, w .

have nearly 4,000 Naval personnel performing as divers, and thi- capabil. A

ity costs apptoximately 40 million dollars annually. i
z
4
4
A

There are many other projects that are really oceanographic in na-
ture that are not included in the advertised Naval oceanography program,
because they are a specific part of a weapons systems development program,

The Navy ocean science program includes physical, chemical, and bio-
logical oceanography; marine geology and geophysics, and underwater
acoustics.

Acoustic research is concerned with the identification and evaluation
of the many ways sound can travel from a source to a receiver in the ses,
We need precise information about how the water and its basins influence
the transmission of underwater sound so that we can either overcome, or
employ, those effects in our ocean operations. ‘

We support studies of the geology of the ocean basins and of the
interface between land and sea to support amphibicus and undersea oper-
ations.

We conduct biological investigations to help us understand more
about living organisms in the sea and how they influence the performance
of operational systems.

We support a great number of scientific projects investigating the
oceans which are conducted for the Navy by way of contracts with both
private industry and academic establishments. Our oceanographic research
ships, operating from both our Navy laboratories and from academic insti-
tutions, are in operation around the globe collecting data on and conduct-
ing investigationa of the marine environment.

An essential part of our oceanographic program is biomedical research,
working on the potential and the limitations for human activity in the
ocean. Experiments in diver-physiology include studies of exotic breath-
ing gases, hearing loss, loss of body heat and damage to bone structure.

Another major program area in Navy oceanography is the ocean en-
gineering and development program. Our objectives in this program are
to provide the capabilities for the Navy, and the Nation, to operate
effectively anywhere in the world's oceans, at any time and at any depth.
The Navy's defense responsibilities do not terminate at two or twenty or
even two hundred feet below the surface of the sea, but are projected
throughout the total ocean environment. If we can operate at 20,000 feet,
we can cover about 95 percent of the ocean floor.

Our ocean engineering and development program has produced two deep
submergence rescue vehicles, (DSRV), with capabilities for descending to
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depths of 5,000 feet. The DSRV can be airlifted across great distance and
once at the scene of an emergency descend to mate with a disabled subma- -
rine's escape hatch lifting as many as 24 crewmen to safety at a time.
This 1s a military capability that could be made available to civilian

submersibles if their hatches were designed to fit the DSRV system. The
plans are available.

The Navy's large object salvage system project investigates methods
for 1lifting sunken ships, downed aircraft, or other large objects of
value from the sea floor. One of several methods being developed uses
new, controlled gas generation techniques to inflate 1lifting pontoons
for bringing attached objects to the surface.

The Navy has developed a highly professional salvage capability
which is one of the best in the world. It is the policy of the Navy, as
directed by the Congress, to salvage other than Navy ships or aircraft

when adequate privately owned salvage facilities are not readily availa-
ble.

The Navy's deep ocean technology project is giving us much of the
basic technology needed to do useful work in the ocean. The sea con-
struction experiment, for example, brings tagether in one project many
investigations of materials and fabrication techniques for underwater
construction using primarily concrete materials.

We also need to know the engineering properties of marine sediments
for supporting underwater structures.

From the deep ocean technology project has come the cable-controlled
undervater recovery vehicle capable of unmanned recoveries to depths
of 7,000 feet. It is equipped with cameras, lighting, and work instru-

ments for remotely controlled search of ocean floor areas and retrieval
of objects from the sea floor.

Since there is no ready-made ocean technology available to the Navy
or the Nation, we are building it almost piece by piece. We need, among
other things, new materials to withstand the great pressure and corro-
sive action of the deep ocean. Advanced steel and titanium alloys are
nev developments being considered for prospective use in submarine hulls.
Transparent materials, such as acrylics and glass, are being investigated
in a mmber of experiments for use in submersible hulls. Power sources
of several kinds (nuclear isotope, fuel cell, sea water batteries, to

:"‘ 8 few) are under study for electrical power up to 5,000 kilowatts
or heavy work in the deep ocean.

cont A remote, unmanned work system is being developed to perform remote-
u1¥°11°d operations to depths of 20,000 feet in the sea. It will be
::olgped to operate remote control snap~in, snap-out modular working

dcco.::,h‘ve developed the Mark II Deep Dive System consisting of a deck
8sion chamber, a personnel transfer capsule, and a control
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console for saturated (helium-oxygen) diving operations. The Mark II
Deep Dive System is capable of supporting eight divers continuously, for
rescue and salvage work, for up to ten days. Divers operating from the
Mark II system established an international open-water diving record of
1,010 feet.

Supporting the !I.S. Navy's efforts to develop an effective ocean
engineering capability is a highly efficient laboratory system operated
by the U.S. Navy. This laboratory system is unique in its ability to
respond to requirements for Navy and national ocean programs. One of
these, the Naval Coastal Systems Laboratory located at Panama City, with
its two offshore research towers, Ocean Pressure Simulation Facility,
(OSF), computer complex, and other excellent facilities, is the largest
technological research and development center in Florida.

A third major program area in Navy oceanography is oceanographic
operations. 1In thigs area we have just gone through a major change in
organization and placement of responsibilities. By executive order in
November 1971, President Nixon established the Defense Mapping Agency,
thereby transferring historic responsibilities for the production and
distribution of worldwide nautical charting and navigational materials
from the Navy to the new mapping agency. No longer does the U.S. Navy
produce worldwide nautical charts and other navigational material for
mariners. However, we still maintain an active interest as the hydro-
graphic and oceanographic ships, aircraft, and survey personnel remain
with the Navy, and the Navy continues to collect the worldwide ocean
data necessary for the Defense Mapping Agency to do 1its job.

It is inherent in the mission of the Navy to improve its understand-
ing of the marine environment. In both peace and conflict, the Navy is
charged with readiness to defend our Nation's security with the best
sea power capabilities we can devise. We are required by the responsi~
bilities of that mission to lead the way into exploration and develop-
ment which is of limited interest to others.

The Navy recognizes responsibility for transferring as much of its
oceanographic achievement to national efforts in the ocean as it is
possible to share, without compromising military advantage. An orderly
transfer of Navy-developed ocean science and technology to the civilian
economy 13 recognized by the President, and fully supported by the Chief
of Naval Operations and the Secretary of the Navy, as serving the best
interest of our Nationm.

The need for oceanographic products and services will undoubtedly
increase as our Navy's operational systems become more sophisticated.
Most of what we do to support that growth in requirement will be of
use in all national programs in the oceans.

Our Naval oceanographic program is capable of serving both military
and civilian requirements as we develop Naval capabilities for useful
work in the oceans.
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Florida Coastal Zone Environmental Considerations as Related to
Petroleum Exploitation in the Eastern Gulf of Mexico

James 1. Jones
Florida Coastal Coordinating Council
Tallahassee, Florida

The Florida Coastal Coordinating Council was created by the Florida
legislature in 1972 to provide a focal point within the government of

Florida to deal with problems of the coastal zone. Four primary charges
were mandated in that legislation:

1. to develop a comprehensive state plan for the protection, develop-

ment, and zoning of the coastal zone, making maximum use of any
federal funding for this purpose;

2. to conduct, direct, encourage, coordinate, and organize a con-

tinuous program of research into problems relating to the coastal
zone;

3. to review, upon request, all plans and activities pertinent to
the coastal zone and to provide coordination in these activities
among the various levels of government and areas of the state;

and to provide a clearing service for coastal zone matters by

collecting, processing, and disseminating pertinent information
relating thereto.

Within the context of these broad charges the Coordinating Council has
moved rapidly forward in matters of coastal zone management and recommen-
dation. In recognition of the lead role being played by this organization
12 Datters relative to the coastal zone the Governor and cabinet of Flor-
1da have recently named the Council as the sole Florida agency responsible
for the program development and management and expenditure of funds rela-
tive to the National Coastal Zone Management Act of 1972, Further infor-

zation on the development, goals and achievements of the Council are
contained in the hand-out, which is available.

- petlzziga'? coastal'zone consists of 27,660 square miles, and includes
2025 somenlooo Florida's population. Estimates indicate that by the year
coustal pone’ 00,000 permanent residents will make their homes within the
tiaes each ¢, and several times that number will occupy it at varying
Tequires year as tourists. Surely, a resource of such magnitude

2 high level of effort relative to management, control, and
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planning. It is the primary charge to the Council to provide the leader.
ship and the mechanisms essential to the management of this region.

Since there is a clear designation that protection, development, zop-
ing, research, and coordination of these activities within the coastal
zone are the obligation and responsibility of the Council, it is appropri-
ate that many of the complex problems attendant to outer continental
shelf petroleum development are the real and legitimate concern of the
Council. Because of this I have participated in the organization of this
conference/workshop, and it is in regard to this that I speak to you today.

While it is inappropriate to develop a detailed discussion relative
to the environmental aspects of the eastern Gulf of Mexico OCS area, since
that is indeed a purpose of this workshop, nevertheless a delineation of
what I feel are the more critical concerns relative to this area should
be included in this short presentation. It is essential that a concerned
industry, monitored, and to a degree controlled, by appropriate state and
federal agencies, use every means avallable to modern technology to limit
and ameliorate the effects of the OCS activity upon the area of develop-
ment. Such means would logically include, in addition to technological
advances, a comprehensive baseline evaluation and subsequent monitoring
program in all areas of activities. Such a comprehensive baseline evalu-
ation should be made for the total eastern Gulf since the environmental
health of the total eastern Gulf ecosystem may be at stake in the proposed
developmental operations. Research activities should be limited to only
those applied aspects which prove to be essential. Time may provide the
opportunity for the luxury of investigations which do not have immediate
or easily recognizable application, but these should not be attempted
within the time and budgetary constraints imposed upon the present pro-
gram. Additionally, it is imperative that information which has already
been collected, whether analyzed or not, be made available in the shortest
possible time, for evaluation of the historical environmental aspects of
the area. -

Examples of such studies include the HOURGLASS program of the Florida
Department of Natural Resources which contains significant unreduced and
unevaluated information, and the EGMEX and Western Florida Continental
Shelf programs, data from which are being analyzed through the State Uni-
versity System of Florida Institute of Oceanography and others. Many
other examples of completed studies, the results of which are not readily
available to current investigators, could be cited. All such studies
should be completed, and the information from them incorporated into an
easily retrievable storage system, to be used by all concerned investiga-
tors, as they may be required. Funds for these types of activities should
be provided at the onset of the program, as completion of studies with
subsequent data availability has a very high priority.

It is imperative that each area which will be impacted by the effects
of exploration activity be "measured" from all significant environmental
aspects so that environmental change in these areas, in response to the
develcpmental exploration activity may be documented. Only through such
documentation may potential legal problems which could develop from the
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aecivity be satisfactorily resolved. State concerns, while predominantly
invoived 1in the inshore or territorial seas of Florida, do indeed extend
to the offshore area as well, since nature does not recognize the arti-
ficial boundaries imposed upon her by man. The State of Florida, through
the Coastal Coordinating Council, requires that a number of environmental
guarantees be provided by the Federal Government and petroleum industry.
Florida recognized the importance and the inevitability of development of )

her offshore resources. We do require, however, that such development be
only allowed or encouraged within the context of the most stringent regu-
lations and safeguards. Florida has, more than any other Gulf of Mexico
or eastern state, a unique and highly fragile coastal environment. This
environment is, in turn, responsible for the major resource of the State--
that of tourism. We cannot, indeed will not, gamble unrealistically with
this resource. That a gamble exists in the form of any type of offshore
petroleum development is apparent. Whether or not this gamble becomes
unrealistic will, to a great part, be determined by the deliberations and
proposals developed in this conference and workshop. Let us hope for
Divine guidance to resolve the difficult and often frustrating problems
which we are to face, and in the absence of, or in addition to Divine inter-
vention, develop the most stringent safeguards and environmental require-
ments that any state or other governmental entity has yet proposed. Such
control, with attendant safeguards may preserve enough of what we love of
Florida so that it will continue to be desirable for generations to come.

Finally, I would like to recommend, for your comnsideration, the devel-
ment of an outer continental shelf environmental authority. Such authority
should consist of a number of professionals, encompassing a broad range of
environmental and technological expertise, to act as the primary coordina-
tive group in regard to OCS environmental problems and activities. This
group should be composed of individuals from state, federal, and private
organizations and groups and should have both a recommendatory and regu-
lating responsibility. By working in cooperation with federal and local
Permitting and regulatory agencies it could expedite permitting at those
levels. Additionally, it could provide the very necessary immediate reac-
tion capability essential to changing developments relative to the environ-
mental health of the OCS and coastal zone. The detailed structure and
responsibility of such a group should be the topic of a conference and
vorkshop other than this, but I request endorsement of this concept, in ’
vhatever form it need take by the persons available here. Further, I shall i
vork toward the development of such a group, in cooperation with interested

Persons represented here and others, to be able to provide you a study and
evaluation plan for your early consideration.

PYIEEE g )

It has been a privilege and honor to have had the opportunity to
address you,

o and 1 hope that in our meetings and deliberations in the next

to initione-half days we can develop an appropriate working plan leading |
of a mAc:tion of studies and activities which will allow the development ;
1f ve failnzeded energy resource, with minimal damage to our environment. ‘
have fai)eq :hzh:: obj::tive, with history as our judge, we will surely

are unknowing] cceeding generations of Floridians, as yet unborn, who

¥ dependent upon our wisdom and ability during this crucial
4ne dtfffcule period for mankind. Y ®

49



- Legal Aspects of Resource Exploration and Exploitation
in the Eastern Gulf of Mexico

Dennis M. O'Connor

Program of Ocean Law
University of Miami
Coral Gables, Florida

Editor's Note: For information pertaining to the presentation, please
contact:

Mr. Dennis M. O'Connor
Program of Ocean Law
School of Law
University of Miami
Coral Gables, Florida 33124
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An Overview of the Petroleum Industries Marine Environmental Research

Edward W. Mertens
Fate of 011 Task Force
American Petroleum Institute

It is my pleasure to present to you this morning a report on the
efforts of the petroleum industry to study the fate and the biological
effects of o1l spilled in the marine environment. My comments will per-
tain primarily to the research work supported by the American Petroleum
Institute, especially the program that is under the sponsorship of the
Fate of 0il Task Force. However, before I discuss this program, I shall
comment briefly on other marine enviromment research programs that are
also funded by the petroleum industry.

Perhaps the largest of these other programs is that being conducted
by the Gulf Universities Research Comsortium (GURC). This program, which
1s coordinated by Dr. James Sharp, is a two —year program at the funding
level of about $750,000 each year. GURC is well into the second year of
their effort. Their program includes such diverse topics as water column
measurements, which include current direction and velocity, temperature,
salinity, density fields, toxic trace metals, nutrients and turbidity.

In their work on hydrocarbons, they have projects concerning hydrocarbon
concentrations in water, sediment and biota; identity and source of en-
vironmental hydrocarbons; and organic carbon distribution in the water
cclumn. Their sediment studies include impact of drilling operations;
distribution and origin of bottom sediments; trace metals in sediments;
identity and extent of cuttings; organic matter in sediments; and hydro-
carbons in sediments of beaches, bays, and offshore. Studies involving
the effects of platform on biota include pre-platform and post-platform
fish concentrations; recorded oil spills in the area; primary production;
zooplankton consumers; amphipod distribution and concentration; poly-
chaete distribution and concentration; fouling communities and platforms;
8razing and reef effects; seagrasses and algae; interstital fauna, oyster
and sand beach communities; birds and mammals; microbial degradation of

oil spills in the area; and the impacts of the natural Mississippi River
?luze and of its flood stages.

éevelzni‘ddition’ as a result of the petroleum industry's interest in

.‘ﬁtalp ng offshore superports in the Gulf of Mexico, marine environ-

.u;er research has been funded. This work for Seadock, the proposed
POTt near Galveston, Texas, is contracted for approximately a half-

®ill{on dollars to Dames and Moore, who are conducting the land and
®eterological studies.

AL ML The marine studies are subcontracted to Texas
¥ University,

Sizilar studies are being conducted for the proposed Louisiana
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— -wvee wwur), This work 1s being done by Louisiana State ;

University and Nicholls State University.

In an entirely different area, considerable work has been underway
for nearly three years in the American Society for Testing Materials
(ASTM) Committee D-19 "Identification of Water Borne Oils." Governmenta)
agencies, the academic community and industry are represented in nearly
equal numbers. This committee is comprised of eight or nine panels, each
of which is striving to develop standard methods in their respective
areas of responsibility, Examples of such areas include sampling; analy-
sis of hydrocarbons in the water column, in sediments, and in marine tis-
sues; and other topics. ’

One of the activities of the American Petroleum Institute (API) is
the work being done under the sponsorship of its Subcommittee on Fish,
Wildlife and Conservation. Just recently, under API's sponsorship, State
University System of Florida Institute of Oceanography (SUSIO) completed
a study in which an inventory was made of the various aspects pertaining
to the marine environment of the Eastern Gulf of Mexico. This API Sub-
committee also sponsored a similar study pertaining to the Atlantic Coast
from Cape Hatteras to Nantucket Shoals at the University of Rhode Island.
This study is also completed and the final report is available.

Before I spend my remaining time describing the major activities
of the API Fate of 011 Task Force, I shall comment briefly on the indus-
try's overall environmental efforts.

For the period from 1966 to 1972, the industry, primarily directly
by its member companies, has invested 4.4 billion dollars on protection
of land, air and water. As a consequence, all our operatiomns, whether
they be in production, transportation, refining or marketing, are having
much less impact on the environment through discharges of contaminants
that could result from these activities than if this expenditure for
research and equipment had not been made. For 1972 alone, the reporting
member companies — which comprise about 80 percent of the refining ca-
pacity in our country -- spent $596,000,000 on air conservation;
$480,000,000 on water conservation; and $124,000,000 on land conservation.
The cost of environmental protection equipment on new capital refining
facilities 1s approximately 10 percent of the total cost of the facilities.

I regret that time did not permit me to report in greater detail
these environmental activities sponsored by the petroleum industry that
I've mentioned so far. However, the work of direct interest to you
under the sponsorship of the API Fate of 0il Task Force, which I will
now discuss, will be described somewhat more completely.

The Task Force is comprised of 15 members working within the
petroleum industry. The various subordinate panels are staffed by
these members augmented by nearly a like number of other petroleum
industry personnel. The Task Force and its panels are assisted by four
people from the American Petroleum Institute staff. Consultants,
usually drawn from academic institutions, assist our Task Force and its




panels, Among the industry and staff members are represented such
diverse disciplines as doctors of medicine, toxicologists, public health
specialists, marine biologists, microbiologists, wildlife specialists,
mathematicians, physicists, physical chemists, analytical chemists,
petroleum chemists, and petroleum engineers.

Research problems are defined at the Task Force level, often with
the assistance of one or more of the panels. About April 1 of each year
the Task Force develops a recommended research program for the following
year. Priorities among the several proposed projects are established
with the estimated cost of each project. Each of the projects in our
proposed program is reviewed critically by higher American Petroleum

Institute committees responsible for the overall industry-sponsored
research program.

Once approval for a proposed project is obtained, a description of
the proposed project is sent to several potential contractors known to
have capability to conduct the research that is needed. Proposals are
received and evaluated. Subsequently, the contract is awarded to one
of the responding contractors. In some instances this procedure is
shortened by negotiating with a pre-selected contractor who by previous
experience and location is uniquely suited to conduct research on a spe-
cific problem. The project is assigned to one of the panels which main-

tains liaison with the contractor during the course of the contracted
research project.

Our program results from the concern developed in recent years by
the petroleum industry over the fate and the biological effects of oils
spilled in the marine environment. This concern was prompted by some 3
major oil spills, such as the Torrey Canyon and the Santa Barbara spills, .
and by speculation of many individuals concerning the effects of such '
spills on marine organisms and on people. We in the petroleum industry
reviewed the knowledge available and determined that there was a real
lack of hard scientific information and that inadequate research was

then being conducted to answer fully the many important questions in
this area.

As a consequence of this concern and effort, in recent years the
American Petroleum Institute has funded research on the fate and effects
of o1l at a level in excess of a half-million dollars per year. We ex-
pect that this level will continue for several years. For this year our :
budget is nearly $675,000. It is well to mention that in addition to :
::: Current projects on the fate and effects of oil, other programs are !
to :3 i:nded to determine better ways of handling and transporting oil
sl old spills. Effective oil spill prevention is, of course, the best !

ution to the oil 8pill problem. Thoroughly trained men and properly

::::;:ined equipment are also part of the petroleum industry's overall

YT S SR
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is spill

ying the fate and biological effect of
021 1s 1llustrated in Figure 1. As the diagram shows, once oil
ed its ultimate fate is determined by such processes as
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_ FIGURE 1
SOME TACTOKS WHICH INFLUENCE [HE FKVIRONMENTAL
EFFECTS OF EPISODIC OIL SPILLS
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evaporation, photooxidation, dispersion, dissolution, deposition along
shorelines, accumulation in sediments, microbial degradation, and last

but not least, uptake by the myriad organisms that comprise the marine i
community in any given locale.

In our first effort we funded an exploratory project at Battelle-
Pacific Northwest Laboratories to examine the potential threat of spilled
oils to marine life. Several oils, including a highly aromatic No. 2
fuel oil, were used in this study. Each of these oils was used with and
without a dispersant. The various life stages - i.e., the egg, larvae,
juvenile, and adult forms - of several molluscs, crustacea, and fin fish
were exposed to the several oil and oil-dispersant systems. In addition,
studies involving phytoplankton were also conducted. Observations made
were those of immediate lethality; long-term, sublethal effects result-
ing from a single exposure; effects from chronic exposure; and whether
or not evidence of carcinogenic properties existed.

As a consequence of their research, Battelle-Northwest has presented
several papers pertaining to phytoplankton studies, development of new
bioassay techniques, and development of improved chemical analysis for
0il in the marine environment at both the 1971 and 1973 Joint Conference
on Prevention and Control of 0il Spills. In addition, they have submit-
ted two major reports to the American Petrdleum Institute. These reports
entitled "Regional Survey of Marine Biota for Bioassay Standardization
of 01l and Oil-Dispersant Chemicals" and "Effects of 0il and Chemically
Dispersed 0il on Selected Marine Biota - A Laboratory Study' are publicly
available from the American Petroleum Institute.

It is not possible today to provide even a cursory review of the
results of their work. However, it is worthwhile to highlight one of
the important findings, namely, that concerning the uptake and subsequent
rapid purging of a typical component of oil, the methylnaphthalenes, by

;isters when exposed to Kuwait crude oil. These results are shown in
gure 2.

As shown in Figure 2, oysters accumulate and retain methylnaphtha-
lenes when exposed to Kuwait crude oil over a period of 14 days. How-
ever, the oysters quickly purge themselves of the petroleum components
vhen placed in oil-free seawater. A widespread concern exists that
marine organisms concentrate petroleum fractions indefinitely and pass
then up the food chain in such a manner that they pose a threat to the
health of human beings. It cannot be stressed too strongly that the
evidence presented in Figure 2 negates this concern.

fic‘tiven before Battelle-Northwest has completed their projects, veri-
Thes on :f their work by an independent contractor was deemed imperative.
s ;.:: ngicated in Table I, Dr. J. W. Anderson, Texas A & M University,
wnter Prgge the responsibility of corroborating this extensive work
Mie f1mas ::t 05-20C. This two-year investigation is nearing completion.
Silnificantlp°t§ should be available during the summer of this year.
served ¥, his uptake and depuration data confirm the principle ob-
n the Battelle-Northwest studies.
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A small field study entitled "Oyster Studies" was initiated this

year by Dr. Anderson to complement his laboratory research. This project;
identified in Table I as 0S-20J, will be absorbed next year by a much
larger project under Dr. Anderson's direction. This project, identified .
as 0S-20P, will be entitled "Field Study, Effects of 011." Dr. Anderson's
field work is too recently implemented to provide data from which even
tentative conclusions could be drawn at this time. Also nearing the end
of a two-year investigation is a project entitled "Natural Chronic
Exposure Studies." The principal investigator is Dr. Dale Straughan of
the Allan Hancock Foundation at the University of Southern California.

A major cbjective of Dr. Straughan's work is to determine in a natural
chromic exposure area whether the incidence of growth irregularities in
local biota 18 unusually high. Dr. Straughan conducts her studies in

the marine waters at Coal 0il Point near Santa Barbara, where natural oil
seeps have persisted for a countless number of centuries. Her test or-
ganisns are those living in their normal habitat in that area. To date,
Dr. Straughan finds a complete absence of abnormal growth in the local

biota. Her completed report should also be available sometime this
summer.

We are also sponsoring a project "Fate of 0il in Water Environment"
with Dr. R. L. Kolpack of the Department of Geological Sciences at the
University of Southern California. He and his colleagues are developing
mass balance relationships to account for the evaporation, dissolution,
sedimentation, and biodegradation of oil. In the first phase of this
work, identified as Project 0S-20F, Dr. Kolpack's team conducted an ex-
haustive literature review on this subject. Their report should be
svailable by this spring. In their second phase, now under way, they are -
examining the known data to determine the areas in which information is
inadequate. If this project is continued, the third phase will be re-
search to £i11 in the "holes" identified in Phase Two.

Another project that commenced late last summer is Project 0S-20I,
"Nstural Biodegradation Studies." This work is being conducted under
the direction of Dr. Rita Colwell at the University of Maryland. The
purpose of this project is to define more clearly the biodegradation
Process by using very.careful techniques of chemical analysis.

b, JeC mother project s 0S-20L entitled "West Falmouth Spill Survey."
) A. D. Michael of the Marine Biological Laboratory located at Woods
at ¢, Magsachusetts, is following the recovery of the spill that occurred
br “H::'::‘:\l:zard's Bay in September, 1969. After a summer's work,

' 8 now evaluati { . '
study has been funded uating his data. A second year's support of this

-‘l,‘.’:ulyins all these projects is a strong emphasis on chemical

m=d he tgstetroéeu: fractions found in the water column, the sediments,
es of t
T Tt e marine organisms. With the exception of the

t research, the extensive supportive chemical analytical
werk been ’
Qld':: Ohioconducted by Battelle Memorial Institute located at

In addition to performing this highl histicated
emalytica) | 4 orming this ghly sophisticate
work, Dr. J. S. Warner and his assoclates have developed new
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analytical techniques under Project 0S-20N as the need for these tech-
niques has developed. In devising these new techniques, Dr. Warner's
team has received immeasurable assistance from the Task Force's Chemical
Analysis Panel, vhich is composed of six chemical analysts recruited from
the petroleum industry. These analysts were carefully selected for their
recognized expertise in their respective areas of specialty. Indeed,
through the Chemical Analysis Panel a level of competency in chemical
analysis work is provided each of our contractors that cannot, without
exception, be duplicated by any other investigator, research team or
institution. Lastly, a project will be initiated early in 1974 by the
Esso Research and Engineering Company to develop analytical methods for
those highly complex petroleum fractions deacribed as polynuclear hydro-
carbons. This project is identified as 0S-20Q.

On behalf of our Task Force, I wish to express our appreciation for
the opportunity today to discuss our program with you.




. Data Management - Sensor to Center

Robert V. Ochinero
NOAA/Environmental Data Service
National Oceanographic Data Center
Washington, D. C.

The Environmental Data Service (EDS) provides dynamic and total data
and information management for the National Oceanic and Atmospheric
Administration (NOAA) of the Department of Commerce as well as to all
other components of the oceanographic community. :

The EDS is comprised of five centers--three centers deal primarily
with digital and analog data, one with scientific literature and informa-
tion, and one in the unique position between the researcher and national
repository, but much more directly involved in the research effort than

any of its four sister centers. The centers involved with digital data
are: -

The National Climatic Center (NCC) located in Asheville, N. C.
Repository for climatological data collected by the National
Weather Service, the Weather Services of the Air Force and

Navy, and the thousands of voluntary observers scattered
throughout the nation.

The National Geophysical and Solar-Terrestrial Data Center
(NGSDC) located in Boulder, Colorado. Repository for marine
geological and geophysical data, as well as data from solar

activity, interplanetary phenomena, the ionosphere, cosmic
rays, aurorae and airglow data.

National Oceanographic Data Center (NODC) located in

Washington, D. C. Repository for physical/chemical data,
biological data, pollution data from the world's oceans.

The Environmental Science Information Center (ESIC), located
in Washington, D. C., is concerned primarily with scientific
and technical literature and information as well as handling
the publishing and library responsibilities for NOAA.

::e Center for Experiment Design and Data Analysis (CEDDA),
vngilocated in Washington, D. C., is the newest element

n EDS. CEDDA has been deeply involved with such meso-
and macro-scale

Meteorol projects as the Barbados Oceanographic and
Year ;o ogical Experiment (BOMEX), the International Field
or the Great Lakes (IFYGL), the Global Atmospheric
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(GATE), and in 1977 will participate in the First Global GARP
Experiment (FGGE).

Brochures describing the functions, mission and services available
from EDS and its centers are available on request from the Director,
Environmental Data Service, NOAA, Washington, D. C. 20235.

For some of you, the "sensor to center' part of the title may be
suggestive of the often used phrase, '"from womb to tomb'". However, it
is this image that we in EDS are trying to dispel. Data management to
us does not connote musty, dusty, passive archives presided over by that
proverbial old lady in tennis shoes. Based on EDS' experience in Project
Data Management for such programs as the National Science Foundation's
International Decade of Ocean Exploration (IDOE), Cooperative Investiga-
tions of the Caribbean and Adjacent Regions (CICAR), NOAA's Marine Eco-
system Analysis (MESA) Program, etc., we find that data management is dy-
namic and comprised of three phases of activity--pre-operationsl, opera-
tional and post-operational.

Pre~operational activities include such things as:

1. preparing the data management portion of the operational plan which
provides specifics concerning the data, units, instrumentation and
calibration information and flow of data between and among partici-
pants and ultimately, to the appropriate data repositories;

2. preparing manuals, such as the Manual on IGOSS Data Archiving and Ex-
change for the Integrated Global Ocean Station System (IGOSS) of the
Intergovernmental Oceanographic Commission (IOC), UNESCO;

3. preparing data catalogs for large-scale projects such as IFYGL and
GATE. These planning and coordinating documents provide a detailed
index to who is planning to collect what and where and with what
instrumentation. Once the project is underway the Data Catalog pro-
vides a monthly recard of accomplishment; and

4, providing historical data and information already available for the
area thus eliminating unnecessary duplication of survey efforts.

Operational activities include:
1. assistance in the processing of data;
2, validation and quality control of data;
3. maintaining a computer searchable file such as the National Marine

Data Inventory (NAMDI) which includes information on the who, what,
where and when of U. S. collection efforts; and

4. analyses of data and preparation of data products which provide useful
feedback concerning the quality of the data.
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Post-operational activities include:

assistance in the preparation of data products, such as computer
graphics, summaries, etc.;

accessioning these fully documented data for secondary users; and

completing an Environmental Data Base Directory (EDBD) inventory form

on those data which, for certain reasons, are not as yet being acces-
sioned by EDS,

By being directly involved in the pre-operational, operational and

post-operational phases of projects, EDS truly performs data management
activities from sensor to center.

There are a number of EDS products and services available for and
applicable to the eastern Gulf of Mexico. Some of these are:

1. "Temperature, Salinity, Oxygen and Phosphate in Waters Off United
States, Vol. 2, Gulf of Mexico" (in press; available summer 1974).

2. "Environmental Conditions Within Specified Geographical Regions:
East and West Coasts of the U. S. and Gulf of Mexico." April, 1973.

3. "Environmental Guide for Seven U. S. Ports and Harbor Approaches."
February, 1973.

4. "Environmental Guide for the U. S. Gulf Coast." November, 1972.

5. "CICAR Bibliography." Volumes I, II, and III.

6. 'Wnyentory of Archived Data." 1969.

7. "Climates of the United States." 1973

8.

"“Synoptic Summaries of Meteorological Observations."

N ?etvices and products available from the NODC are described in
User's Guide to NODC's Data Services.”

te o The EDS does have the data management tools, know-how and experience
° rganize and manage large products or to assist anyone who might have
that responsibility.

!rvlr;n::u:dllike to take this opportunity to say a few words about NOAA's
lﬂvtrouggn .1 Data Index (ENDEX) program, and more specifically, the

| ntal Data Base Directory (EDBD) efforts of this program.

Scienti
ote 1=:re;31.t8' managers,

¢! nvlrom
e

1 decision-makers at all levels of government
e:%;{ :Gpendent upon and concerned about the amount and quality
teior mabis ata and information available for consideration in the

8 process. Such data are available only if someone other
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than the local holder of the data file knows of its existence.

The research community is rather well served by its specialized
bibliographic and abstracting services. Even "research in progress" ig
documented at the federal level through the Science Information Exchange
of the Smithsonian Institution. In the area of envirommental data files,
sample collections and specialized sub-discipline reference library
collections, it is becoming increasingly important that the existence,
scope and documented content of these files or holdings be made more
widely known, so that they need not be unnecessarily duplicated and so
their content may be more widely appreciated. Holdings, in many cases,
are inventoried, indexed, and even documented on a local basis. What 1is
needed might be described as a centralized index, and for convenience,
supported by an automated information retrieval system so that specific
referrals may be made rapidly, effectively and inexpensively.

The heart of any such system is the information it contains. The
most difficult part of establishing such a system is locating and cata-
loging the files whose indexes will be the system.

The Environmental Data Base Directory (EDBD) portion of ENDEX is an
automated, documented comprehensive index describing environmental data
collections. EDBD enables scientists and managers to answer such ques-
tions as: Who has a certain kind of data in a particular area; how was it
collected; what form or medium (such as magnetic tape, punched cards,
charts, etc.) is it in; and who sponsored the activity? EDS' goal is to
have a nationwide environmental inventory of historical data completed
by the end of the decade. At present thefe are just under 2,000 environ-
mental data files described that pertain mostly to the Chesapeake Bay,
New York Bight and Great Lakes regions. Efforts currently are underway
in Florida, and negotiations have begun to initiate work in North and
South Carolina and Georgia.

Handouts have been provided which give more specific information on
ENDEX and EDS' EDBDing efforts in Florida.
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An Introduction to the Physical Oceanography and Meteorology of the Gulf
of Mexico —_—

~ William S. Richardson, Nova University

As an introduction to the series of talks on the circulation in the
eastern Gulf of Mexico, a brief description of the major features of
the physical oceanography of the Caribbean, the Gulf, and the Florida
Straits was presented. The relative magnitudes of runoff from the
land, evaporation from the Gulf, and flushing of the Gulf by the
Yucatan-Loop-Florida current systems were given. A flushing time

for the upper waters of the Gulf of 10 to 25 years was suggested.

The general meteorology of the eastern Gulf was described, and the
variability of the system was stressed.

The Gulf Loop Current

George A. Maul, NOAA/Atlantic Oceanographic and Meteorological Labora-

tories
The Yucatan Current flows northward into the Gulf of Mexico to a
varying extent before turning anticyclonically and exiting through
the Straits of Florida. Variability of the northerly penetration
has been studied by a 13-month time-series in which the 22°C iso-
therm at 100 meters depth was used as an indicator of the position
of the left hand edge of the current. The data confirm earlier
speculation of an annual cycle of spring growth, summer spreading,
and autumn-winter decay possibly in phase with the annual cycle of
transport of the Florida Current. Interaction of the current with
the west Florida Shelf emphasizes the need to monitor or accurately
predict the flow if reliable oil-spill trajactories are to be made.

Wind-Induced Currents and Sea Surface Slopes in the Eastern Gulf of
Mexico -

Wilton B, Sturges and John A. Cragg, Florida State University

Meteorological and tidal records at three Florida Gulf coast stations
have been examined for the period 1965-67. Cross-spectral analysis
of daily winds and sea levels shows a high coherence at periods of
4 to 20 days. Daily sea levels have been correlated with winds of
varying direction and speed with gocd results. Sea level was found )
to be most respomsive to winds that were within about 10 degrees of :
the direction of the coast. The magnitude of the sea-level rise
caused by longshore winds was 25 cm for a moderate wind of 5 m/sec.
“ind components at weather stations separated by up to 300 km were
found to have coherences above .6 for the periods of 4 to 100 days.
The large horizontal extent of the wind field coupled with the mag-
21;ude of the sea-surface slope normal to the coast allows us to
n? :; tge presence of broad geostrophic longshore flow. The width
énsho:e-i$¥ seems to be on the order of 100 to 200 km. Interestingly,
S shore winds induced sea-level fluctuations an order of

uce smaller than_those induced by longshore winds. A long-

ot
::1'9 slope of 3 x 107 for a longshore wind of 5 m/sec is observed;
~1s slope may be caused

csastling, bX.? piling up of water against the curving
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Western Florida Continental Shelf Program
Murice 0. Rinkel, State University System of Florida Institute of
Oceanography

This paper is an updated revision of a discussion of the Western

Florida Continental Shelf Program, November, 1970 - February, 1972,
originally prepared by the State University System of Florida Insti- A
tute of Oceanography (SUSIO) March 21, 1972, on behalf of the Univer- #
sity of Miami, National Marine Fisheries Service, Atlantic Oceano- i
graphic Meteorological Laboratories, University of West Florida,

Florida State University, and University of Florida (text revised

January 30, 1974).

Tidal Currents on the West Florida Shelf
Harold Mofjeld, NOAA/Atlantic Oceanographic and Meteorological
Laboratories

Tidal currents are responsible for much of the water motion on the
West Florida Shelf. What appears to be tidal currents is really a
combination of three distinct kinds of motion: Surface tides propa-
gate from the Atlantic Ocean through the Straits of Florida and the
Caribbean Sea into the Gulf of Mexico where they form a complicated
distribution; these tides produce tidal currents on the West Florida
Shelf. At the shelf break, tidal motion on and off the shelf produce
undulations in the pycnocline which propagate shoreward across the
shelf. These undulations, often called internal tides, produce cur-
rents of tidal period which are in opposite directionsg above and
below the pycnocline. During the winter regime on the shelf when

the water 1is vertically homogeneous over much of the shelf, internal
tides exist only near the shelf break and seaward. Changes in wind
intensity or directioh create rotatory currents which on the West
Florida Shelf have periods near that of the daily tide. These iner-
tial currents are most significant during intense atmospheric events
such as cold fronts and hurricanes. They are therefore also seasonal.
There are very few direct observations of currents on the West Florida
Shelf; those that exist were made either at the northern or southern
limits of the shelf. Any discussion of tidal currents on the West
Florida Shelf is necessarily qualitative at the present time.
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" Response of the West Florida Shelf Circulation to Strong Meteorological
Forcing

Christopher N. K. Mooers, University of Miami, Rosenstiel School of
Marine and Atmospheric Science

An NSF sponsored, cooperative study (among Florida State University,
“Nova University, and the University of Miami) of the physical dyna-
mics of continental shelves has been underway since June 1972. To
date, three field experiments have been executed on the West Florida
Shelf (vicinity of 26°N): (1) a pilot study for a week in June 1972,
(2) a five-week experiment in the winter of 1973, and (3) a six-week
experiment in the autumn of 1973. A long-term current-monitoring
experiment, begun August 1973, is continuing indefinitely. The data
are either in the advanced stages of processing or in the early
stages of analysis. Approximately 1,000 STD and XBT casts and 2,000
current meter days have already been acquired. From the Winter 1973
experiment, the mean circulation (the order of 10 cm sec’l) tended
to parallel the isobaths: northward on the outer shelf, southward
on the inner shelf. The variable component of the circulation gen-
erally exceeded the mean. It consisted of tidal, inertial, and
several-day oscillations. Evidence exists for eddies with dimen-
sions of the order of tens of kilometers. Furthermore, the passage
of atmospheric cold fronts clearly induced strong inertial oscilla-
tions, coastal upwelling, and a thickening of both the surface and
bottom boundary layers. Similar phenomena occurred in the June 1972
Pilot Study with the onset of strong winds associated with Hurricane
Agnes. At this stage, it is our impression that the most significant
exchange between shelf and offshore waters on the West Florida Shelf
occurs during strong meteorological events, e.g., atmospheric cold
fronts and hurricane passages. The relative influence of the Loop
Current on shelf circulation and exchange has yet to be determined.
With present funding, the data acquired to date will be processed,
analyzed, synthesized, and reported within two years. With a sub-

stantial funding increment, the reporting phase could be achieved
within six months.

1.

da Seagrasses

?irOig J. Humm, Department of Marine Science, University of South
orida

The extensive seagrass beds covering most of the bottom from the
intertidal zome out to a depth of six to eight meters from Tarpon
iptinss to Port St. Joe, Florida Gulf coast, are the most important
t::thic community in the. area. This poorly known but highly produc-
¢ area should receive a major amount of research attention in
connection with the impending offshore drilling and the work should

begin immediately.




Benthic Plants in the Eastern Gulf of Mexico
Sylvia A. Earle, Los Angeles County Museum, Los Angeles, California

The biological and geological significance of the submarine meadows
of benthic algae and seagrasses in the eastern Gulf of Mexico 1is
reviewed, and the chemical and physical effects of petroleum and
drilling operations on the benthic vegetation considered. The status
of baseline information about attached plants in the easterm Gulf of
Mexico is given, with recommendations on work that should be done in
order to evaluate the impact of offshore drilling.

Benthic Invertebrate Communities of the Eastern Gulf of Mexico
William G. Lyons, Florida Department of Natural Resources, and Sneed B.
Collard, University of West Florida

Estuarine and offshore benthic invertebrate communities of the east-
ern Gulf of Mexico are outlined and discussed. On the West Florida
Shelf, inshore communities are influenced by terrigenous sand sub-
strates, few limestone outcrops, and overlying coastal waters.

Beyond about 30m depths, communities are characteristically tropilecal,
with calcareous sediments and overlying blue, offshore waters.

Faunal zone divisions are suggested at depths of approximately 10,
30, 60, 140 and 200m. Much information used in defining these zones,
still unpublished, is from HOURGLASS collections. Information on
communities of the Mississippi-Alabama Shelf is less complete. The
importance of working and publishing previously made collections is
stressed,

Potential Effect of 01l Drilling/Production Activities on the Phytoplankton/
Zooplankton in the Eastern Gulf of Mexico
Sayed Z. El-Sayed, Texas A & M University; Thomas L. Hopkins, University
of South Florida; Karen,A. Steidinger, Florida Department of Natural
Resources

We are primarily concerned with the potential effect of oil drilling
and production activities on the environmental quality in the eastern
Gulf of Mexico and the changes in the marine ecosystem brought about
by these activities. Our concern for the effects of oil production
on phytoplankton/zooplankton is based on the significant roles played
by these organisms in marine food chains.

A summary of the research activities carried out in the past few
years in the northeastern Gulf of Mexico and off the Western Coast of
Florida 1s given; the review exposed gaps in our knowledge of the
biology, general ecology, seasonal and geographic distribution, meta-
bolism and turnover rates of the phytoplankton and zooplankton popu-
lations. It also pointed to the need for a study of the effect of
the hydrographic conditions on the distribution and abundance of
these organisms.

A program for studying ecosystem dynamics of the eastern and north-
eastern Gulf of Mexico, with special emphasis on the phytoplankton
and zooplankton populations in thé MAFLA regions, is outlined in
this paper. '
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Biological Indicators of Oceanographic Phenomena
Herbert M. Austin. New York Ocean Science Laboratory

A water mass is a pelagic ecotope, and under specific circumstances
can be defined by the species or groups of species of plankton that
it supports. Such forms are called biological indicators or bio-
indicators. They are a dynamic means of following a water mass
through space and time and in many cases residual populations can
be traced even after thephysical characteristics of the mass are no
longer detectable with standard techniques. Specific examples in
the Gulf of Mexico include the following of the Loop Current velocity
core from the baroclinic to barotropic region, entrainment of deeper
(100-150m) western Gulf and West Florida Shelf water into the Loop
Current, impingement of pelagic waters over the shelf below the
thermocline, and the deliniation of regions of upwelling.

Regsearch on Eggs and Larvae of Fishes in the Eastern Gulf of Mexico
Edward D. Houde, University of Miami, Rosenstiel School of Marine
and Atmospheric Science

Studies on eggs and larvae of fishes can provide valuable information
about the distribution and abundance of the adult populations.
Spawning seasons, spawning areas, success of spawning, and even bio-
mass estimates of adult spawning populations can be obtained from
egg and larval surveys. Prior to 1971, egg and larvae studies in
the Eastern Gulf of Mexico were mostly confined to describing devel-
opmental stages. Since 1971, ichthyoplankton surveys assoclated
with cooperative programs such as EGMEX, MARMAP and Sea Grant have
provided more detailed information about spawning in this region,
and also have accumulated much data on associated physical and chem-
ical factors. Other egg and larval surveys of a more local nature
have been carried out by the Florida Department of Natural Resources
and National Marine Fisheries Service. Distribution and abundance
of eggs and larvae of clupeid fishes have been most studied, but
some knowledge of spawning by scombrids, flatfishes, carangids, eels
and other fishes has been accumulated. Biomass of the large clupeid
resources in the Eastern Gulf is presently being assessed from egg
and larvae surveys, and the technique could be expanded to study
other species such as snappers, groupers, mullet and mackerel. Rou-
tine ichthyoplankton surveys are one means to determine if oil ex-

Ploration activities significantly change abundance of fishes in the
Eastern Gulf.
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Nature and Status of the Marine Sport Fishery in the Eastern Gulf of
Mexico o

Luis R. Rivas, NOAA/National Marine Fisheries Service

The marine sport fishery of the eastern Gulf of Mexico is subdivided
into coastal, bottom, offshore, and miscellaneous according to areas
fished and fishing methods. The eastern Gulf marine sport fishery

13 considered as extending from the mouth of the Mississippi River

to the Florida Keys. It is estimated that, every year, in this re-
gion, 1,480,000 anglers catch 178,277,605 fish weighing 339,832,049
pounds and that the annual sum spent amounts to $263,588,000. Each

type of fishery is discussed separately and catch statistics are
provided.

Fishery Resources - Commercial
Rolf Juhl, NOAA/NMFS/Southeast Fisheries Center

The subject area extends from the Mississippi Delta to the Dry
Tortugas, having a shelf area of 50,000 square miles. The commer-
cial fishery production is taken mostly inside the 50 fathom depth.
The U. S. total production in 1972 was 4.7 billion pounds, valued
at 700 million dollars. At least 40% of this total (valued at $200
miliion) was taken in the Gulf. The eastern Gulf produced one third
of this total.

The leading commercial species include: shrimp, menhadden, blue

crab, muller, snapper and grouper, oyster, industrial bottom fish,

and spanish and king mackerel. Underutilized and latent resources
include large pelagic fishes (shark, billfish, dolphin and tunas),
coastal pelagic (thread herring, sardines and anchovy), and bottom fish
(sciaenids - croaker, spot and sea trout).

National Marine Fisheries Service, Southeast Fisheries Center, has
conducted at least 180 survey cruises over the last 24 years in the
subject area. Over 3,300 stations were occupied in which shrimp
and fish trawls, clam dredges, longlines, seines and miscellaneous
gear were utilized. An ongoing program is designed to survey the
bottom fish resources in the North Central Gulf.

Observations on the Florida Middle Ground Through the Use of Open-Circuit
SCUBA

Thomas S. Hopkins, University of West Florida

A series of diving cruises to the Florida Middle Ground, at 28035'N

and 084916'W, have emphasized studies on the reef-building cnidarian
fauna, the echinoderm fauna, and the reef-face microclimate and as-

gociated zooplankters. 1In addition, extensive collections and data

on fishes, sponges, molluscs, and algae have resulted.

A Dominant cnidarians and echinoderms observed at this study area are
1 described, and reef-zonation is tentatively delimited according to
faunal indicators. A recommendation is made that the Florida Middle
Ground and the West Flower Garden Bank need to be compared both
floristically and faunistically, and as soon as possible.




Comments on the Nature of the Florida Middle Ground Reef Ichthyofauna
Gregory B. Smith, Florida Department of Natural Resources;
Larry H. Ogren, National Marine Fisheries Service

The Florida Middle Ground, an offshore region of irregular submarine
topography in the northeastern Gulf of Mexico, harbors a tropical
reef ichthyofauna quite unlike (both qualitatively and quantitatively)
that of other areas of the West Florida Shelf. The occurrence of
numerous fishes representing distributional records (e.g. eastern

Gulf, northward range extensions, etc.) emphasizes the ichthyofaunal
distinctiveness of the region.

Historically, the Florida Middle Ground has been one of the most
productive and consistently fished "reef areas" in the Gulf of
Mexico. Presently, most of the bottom fishing for groupers and

snappers on the West Florida Shelf is concentrated at the Middle
Ground, Elbow and adjacent reef areas.

The structural complexity of the reefs, water colummn productivity,
and varying depths at the Middle Ground are suggested as parameters
contributing to the diverse and abundant fish fauna.

Zoogeographically, the Middle Ground reef ichthyofauna is transi-
tional, including warm-temperate, tropicdl, eurythermic and Gulf of
Mexico endemic elements. However, a qualitative comparison of the
Middle Ground ichthyofauna with those of other reef areas in the

Gulf of Mexico and western Atlantic indicates both greater intra-Gulf
homogeneity and Caribbean-West Indian affinity than previously sus-
pected for these populations. The transparent waters, relatively
shallow reef crests, steep-profiled topography and carbonate sedi-
ments are attractive inducements to many insular (West Indian) reef

figshes either rare or absent at other reef sites in the eastern
Gulf of Mexico. ‘

Hopefully, information assembled in this paper will emphasize the
necessity of obtaining certain baseline data for this unique and
little-known segment of the West Florida Shelf which is presently
scheduled for exploratory oil-drilling operations. Increased bot-
ton turbidities and sedimentation which may be generated during
drilling activities could seriously jeopardize the ecology of the
Productive reef community at the Middle Ground. The oil~-drilling
fegions in the northwestern Gulf are dominated by warm-temperate,
:ott bottom faunas which generally exhibit rather broad tolerances
rz environmental parameters. The tropical reef community at the
orida Middle Ground would be expected to be many times more sen~

:itlve to environmental perturbations affiliated with oil exploita-
or and production.
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Inorganic Aspects of OCS Petroleum Operations
Eugene F. Corcoran, Rosenstiel School of Marine and Atmospheric
Science, U. M.; Kent A. Fanning, University of South Florida

An overview of water-chemistry studies conducted in the Gulf of
Mexico is presented. Phosphorous is best documented in the Gulf,
but several important problems, such as phosphorous concentratiouns
in the sediments, are not yet well studied. Exchange rates of
nitrogenous nutrients with sediments also needs study, and nitro-
genous chemical species need identification. Least is known about
the trace metals which, because of complex biochemical and geo-
chemical roles, are perhaps the most important.

SURPI -Sare ,wa.nl‘-%‘

Significance of Low Molecular Weight Hydrocarbons in Eastern Gulf Waters
William M. Sackett, Texas A & M University

A several thousand mile survey of dissolved low molecular weight
hydrocarbon concentrations in surface water of the Gulf of Mexico
indicates that the most important sources of these hydrocarbons are
related to man's activities. These sources include ports and estu-
aries with their associated shipping and tetrochemical activities,
offshore drilling, and production platforms and ships which discharge
oily ballast water and/or clean their fuel tanks at sea. The water
column several miles distant from at least one example from each of
the three types of sources showed several orders of magnitude higher
concentrations than observed for the open Gulf. Natural seeps are
also significant sources of hydrocarbons in the Gulf but the magni-
tude of their contribution relative to man's is unknown. Low molecu-
lar weight hydrocarbon concentrations are proving to be sensitive in-

dicators and should provide an early warning of incipient petroleum
pollution in marine environments.
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Some Problems Associated With the Collection of Marine Samples and
Analysis gf_ﬁydrocarbons

John W. Farrington, Woods Hole Oceanographic Institution

The collection of marine samples for the purpose of hydrocarbon
analysis must be undertaken with extreme care to avoid contamination
during the sampling operationm. Similarly, appropriate controls
should be carried through the extraction and analysis procedures
to insure that hydrocarbons are not introduced into the samples from

the ship's atmosphere, the laboratory atmosphere, or from solvents
and reagents.

It is essential that intercalibration procedures be carried out so
that the results from different laboratories often using different
methods can be integrated and compared to provide a basis for under-

standing the quantitative and qualitative distribution of hydrocar-
bons in marine samples.

The analysis of marine samples to detect petroleum hydrocarbons in
the presence of recently biosynthesized hydrocarbons is discussed.
The need for closely spaced sampling stations in some areas to pro-
vide baseline data is discussed and illustrated by results of analy-

ses of saturated hydrocarbons in surface sediments from the New York
Bight area and the continental shelf to the east.

Experimental Design for an Environmental Program:
in an 0il Producing Area

Patrick L. Parker, University of Texas, Marine Science Institute

Hydrocarbon Analysis

Petroleum hydrocarbons are present in the water column in areas of
off-shore 0il production. The chronic level of individual hydro-
carbon types was found to be in the 1-10 part per billion level
for off~shore Louisiana. In cases where spills occur, the levels
may approach the level at which photosynthetic microorganisms and
animal eggs are adversely affected (parts per million). It has
been demonstrated that present day analytical techniques are ade-
Quate to acquire baseline chemical data and that biological exper-

1:ents can detect adverse effects of aromatic hydrocarbons at en-
Vironmentally realistic levels.
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Structural Framework of the West Florida Continental Shelf
T. E. Pyle, University of South Florida; W. R. Bryant and
J. W. Antoine, Texas A & M University

Seismic reflection profiling and sampling of the western margin of
the Florida platform and projection of onshore trends show that the
Florida Escarpment coincides with the position of a Lower Cretaceous
barrier reef north of 27°15'N and south of 24°20'N. The occurrence
of Lower Cretaceous evaporites in the south Florida basin suggests
that the reef also flourished along the intervening ségment of the
scarp. This area is now characterized by topographic offsets, can-
yons and other features which suggest that the reef has been removed
by erosion, slumping or faulting. Uplift and subaerial exposure may
have been preludes to removal of such large quantities of lithified
reef material. These movements may be related to Mesozoic igneous
activity indicated by magnetic anomalies and by drilling results in
central Florida. Shallow water carbonates recovered at great depths
in wells and by means of marine dredging demonstrate subsidence
greater than 4.6 lam in south-central Florida and greater than 1.8 km
along the western marginal escarpment. The structural framework of
the Florida platform is little modified by the movement of buried
salt, However, some piercement structures (salt domes?) have been
found in De Soto Canyon landward of the supposed carbonate platform
margin, The Destin Dome may also be related to salt movement, but
magnetic data suggest a possible relation between this feature and
a deep-seated igneous intrusion. The structural importance of so-
lution activity in the often cavernous limestones of Florida is
emphasized by the recent documentation (by seismic methods) of the
existence of numerous filled sinkholes on the inner continental
shelf.

General and Geotechnical Characteristics of the Surficial Deposits
on the West Florida Shelf
H. K. Brooks, University of Florida

The West Florida shelf is a stable carbonate platform over which

a thin discontinuous layer of noncohesive sediments occur. The
tectonic stability and the geotechnical properties of the sediments
and rocks are superior to that of most other offshore areas. No
major problems should be expected from solution features; however,

each site should be carefully explored to detect and plan for this
condition.

o . g
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The Coastal Sediment Transport System
William P, Tanner, Florida State University

Sediment transport in the coastal zone can be studied in terms of
two axes: one, the littoral axis, taken parallel with the coast,

is the basis for processes which are fairly well understood; whereas
the other, the transverse or "normal" axis, taken at right angles to
the coast, provides the orientation for processes which are not well
understood. In the real world, the combination of these two sets of
processes is very complicated. A delicate balance exists in this
complicated system, among available energy, sediment parameters, and
resulting geometry, which is easily disturbed and quickly either re-
established or converted to a new and different equilibrium. The
effects of such disturbances, even though initially small, may be
felt over distances measured in kilometers. The effects of the in-
trusion of any permanent, fixed activities or structures in the

area cannot be predicted with assurance, especially with respect to
transverse processes.

Accidents, such as an oil spill, may have effects quite different
from those referred to above. Here one must consider the implica-
tions of oil, even in a very thin film, on beaches, marshes and
swamps which — in Florida -- are developed extensively across a
broad spectrum of coastal energy levels. Especially at the lower
end of that spectrum, it 1s not known what the effects will be be,
nor is it known how long such effects may persist.

It is also important that efforts be made to identify polluting 0115,
80 that the source can be determined.
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An Introduction to the Physical Oceanography and
- Meteorology of the Gulf of Mexico

William S. Richardson
Oceanographic Center
Nova University
Dania, Florida

Editor's Note: For information pertaining to the presentation see
"Executive Brief" or contact:

Dr. William S. Richardson
Oceanographic Center
8000 North Ocean Drive
Dania, Florida 33004
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“Wind-Induced Currents and Sea Surface Slopes
in the Eastern Gulf of Mexico

Wilton B. Sturges
Department of Oceanography
Florida State University
Tallahassee, Florida

John A. Cragg
Department of Oceanography
Florida State University
Tallahassee, Florida

Editor's Note: For information pertaining to the presentation see
"Executive Brief" or contact:

Dr. Wilton B. Sturges -
Department of Oceanography
Florida State University
Tallahassee, Florida 32306
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The Gulf Loop Current

George A, Maul
NOAA/Atlantic Oceanographic and Meteorological Laboratories
Miami, Florida

Historical Introduction

Early work in the Gulf of Mexico has been summarized by Galtsoff
(1954) who edited a complete overview of the biology, chemistry, geology,
and physics of the area. In 1895, Lindenkohl published a map of the
temperature field at 250 fathous (457 meters), in degrees farenheit,
vhich is reproduced in figure 1. The warm waters of the Caribbean can
be seen flowing northward into the Gulf and penetrating deeply into the
anbient thermal field; similarly the Gulf Stream, seen as a region of
large horizontal temperature gradient, is flowing easterly and then
northerly through the Strait of Florida. In an analysis of these data
Sweitzer, in 1898, reported that the circulation was a spreading of this
{nflow which resulted in an anticyclonic circulation around the entire
Culf basin. Parr, in 1935, reported the opposite conclusion using
ATLANTIS data taken in 1933: the Gulf Stream takes only the shortest
path from Yucatan to the Strait of Florida. Even after reviewing
Dietrich's 1939 map of the salinity maximum core, which reéflects the
deep penetration seen in figure I, Leipper expressed this divergence of
opinion as the state of knowledge in 1954. Work done in the 1960's,
sotably by Leipper, Cochrane, Nowlin, and others at Texas A & M Univer-
sity, led Leipper (1970) to speculate that there was an annual cycle in
the current patterns in the eastern Gulf. A time-series to establish the
seasonality was reported during the survey's progress by Maul (1973).

Tts paper is a preliminary descriptive report on the time history of the
current from August 1972 to September 1973.

Obgervation Program

m“’:‘:h“%ence of pathlines of the Gulf Loop Current was started to
crvecal e iocation of the cyclonic edge by ship in order to evaluate
"‘a;cc:.:tk“' of location by satellite. l?igure 2 is a cross—-stream
tta:k of t::g:ﬂ May 1, 1973, from north to south along the suborbital
vl vas rth Resources Technology Satellite (ERTS). Speed of the
1y sbout 10 knots, so the horizontal distance traveled from 1200
is approximately 90 kilometers.

Crone ,
';;g,l:i:';°°t1°“ Plots of surface salinity (hourly), chlorophyll-a
oo ‘m"‘;u‘mlm scattering function, B,s (hourly), radiometric sur-
e are dr::n(d“hed; continuous), and bucket temperature (solid;

above the cross-section of temperature down to 450
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_—-w. saigure 2 i8 oriented such that the current flow is into the plang
of the page and on the right-hand side (i.e., facing downstream)., S§yp.
face observations are typical in that there is an increase of temperatyr,
and salinity, and a decrease of chlorophyll-a and scattering when entey.
ing the current from the cyclonic (left-hand edge facing downstream) side,
The temperature field dominates the salinity to produce.less dense water
to the right in agreement with a geostrophically balanced flow; chloro-
phyll-a and scattering interact to cause a color shift from greenish-bly,
outside the current, to the cobalt blue so characteristic of this relative}
sterile water mass. '

Using the historical precedent of Leipper (1970) and others, the 22%%
isotherm at 100 meters depth was chosen as an indicator of the current.
This isotherm is approximately 20 kilometers to the right of the cyclonic
edge, and near the surface velocity maximum. The observational strategy
greatly improved tracking efficiency as it gave the research vessel an
average boost of 2 knots. The actual tracking was done using expendable
bathythermographs (XBTs). After observing hydrographic sections across the
Florida Straits from Cosgrove Shoal to Havana, and across the Yucatan
Straits from Cabo San Antonio to Isla Contoy, a zig-zag tracking pattern
was initiated. Typically, hourly BT's were taken. When the depth of the
229C isotherm exceeded 125 meters or so, the ship's course was altered
90° to the left. This course was run until the 229C isotherm was less
than 80 meters or so, and then course was altered to the right. The pat-
tern was continued from Yucatan, around the Loop to Dry Tortugas, in all
but a few cases, where weather or fuel considerations made it advisable
to run for Key West. After each trip, the position data were replotted
and a smooth plot constructed, which made a best fit to the estimated
courses and speeds made good. Positioning was accomplished using Loran A,
radar, visual, and celestial observations. It is difficult to estimate
errors, but based on Loran A- radar comparisons, + 1-3 kilometers seems
reasonable.

The expendable BT data were adjusted so that the average surface
reading on the strip chart recorder was in agreement with the average
bucket temperature. The strip chart recorder was tested (and adjusted if
necessary) before and after each cruise with a test canister. Infrared
temperatures were calibrated using a blackbody source in the laboratory so
that the radiometric temperatures could be compared to the bulk values.
This latter comparison is necessary in order to study the infrared obser-
vations of the NOAA-2 scanning radiometer, and to properly interpret those
data.

Discussion

Pathlines of the 22°C isotherm at 100 meters depth are summarized in
figure 3. The series was obtained at 36-day intervals, coincidental with
the 18-day period of ERTS. Dates of each survey are labeled on the ap-
propriate pathline; where the cruise started at Yucatan in one month and
ended off Dry Tortugas in another, both months are labeled. The shortest
tracking time was three days and the longest six days, so that near
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synopticity was accomplished. Hydrographic station transects of the
straits added two days to each cruise. Conditions prior to the first
cruise were that a large anticyclonic detached eddy was observed in May,
1972. The current flowed essentially north from the Yucatan Straits and

curved in a gentle anticyclonic curvature, ending tangent to the Florida
Keys platform.

By September conditions had changed markedly. The initial current
direction had a significant easterly component and flowed directly toward
the west Florida shelf., There was evidence of Loop Current water on the
shelf, and the 22°C isotherm apparently went aground well north of Dry
Tortugas. It is notable that a red tide of Gymnodinium breve was reported
on the Florida shelf at this time. By late October the current had re-
formed to its southernmost extent, and evidence of Florida Bay water flow-
ing south through the Keys was noted in both the ship track and an ERTS
image. Murphy, et al. (1974) have used this evidence to partially docu-
ment the source of the first reported Florida east coast red tide. Ap-
parently the organisms were carried by the current through the Florida
Straits and exchanged with local coastal water north of Miami.

By December 1972, the current had swung to the west and had penetrated
into the Gulf to the same latitude as August. At 240N, the stream flowed
in a sharp anticyclonic turn to the east. January 1973 was the only month
in which transects of the Straits were not obtained. This was due to 50-
knot winds and high seas forcing the ship to turn back. Only four cross-
ings were obtained but sufficient detail permitted the observation, for
the first time, that the current penetrated north of Dry Tortugas (25°N).

The "spring intrusion" (Leipper, 1970) continued through February,
Yarch, April-May, and June when the current extended to 27°N. As the
current penetrated deeper it also swung further to the west and seemed

t. be controlled by the bottom topography of Campeche Bank in agreement
\-:ith a potential vorticity conserving flow as postulated by Molinari and
““thrane (1972). North of 24°N the isobaths curve sharply to the west
:"..the current flows into deeper water where different dynamics probably
Si2inate.

. Adeep intrusion in July 1973, coupled with a marked cyclonic curva-
:_-ff_ﬁff the west Florida shelf, led us to expect separation of an eddy by
;?‘;x;:}t?‘ling cruise. The deep intrusion from the east was not a sampling
3‘;'1{ » @ second vessel from the State University System of Florida
*itute of Oceanography (SUSIO) obtained hydrographic station data

L O
'-r:::.:he shelf and out into the main current throughout this area. The
. vestern extent of the current also occurred in July.

t..
N Ar:gust 1973, the current system extended almost to the Mississippi
< :aexpected eddy had not separated. Very low salinity water
Ty, aill’ecouled by the SUSIO vessel, again cooperating with the
“eve . ';;ctio 'ions the current-edge off the Florida Shelf. The hydro-
> along U in the Florida Straits had surface salinities less than

tre delta :he cyclonic boundary. Since the Loop Current was so close
rea, and there are no other significant sources of fresh
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water, it seems probable that this was Mississippi River water in origis,

During the last cruise, September 1973, the current was found wel)]
to the south again, at approximately the same penetration as February,
A trackline from Ft. Myers, west to 87°W, and nmorth to Pascagoula, con-
firmed that an anticyclonic eddy had indeed separated and a significant
change in the hydrography of the eastern Gulf had occurred in one month,
There was no hint in the extensive August data that a recirculation had
begun as a prelude to the eddy formation, although observations by
Cochrane (personal communication, 1974) made between the April-May and
June cruises, showed substantial closure in his isotherm field in this
area.

Niiler and Richardson (1973) obtained a one-year time series of the
transport of the Florida Current between Miami and Bimini. These data,
taken during 1964-1970, show a transport minimum in December and a max-
imum in June. The data in figure 3 show a minimum penetration into the
Gulf in October-November and a maximum in July-August, which is in fair
agreement with the average transport cycle.

Significance to Shelf Acitvities

The discussion on the red tide of 1972 points out the significance
of the Loop Current's interaction with the shelf waters. In fact, even
the area of the Mississippi Delta must be considered part of the eco-
system in question.

The OLD SALT fishing tournament is another case in point of the
Loop Current's effect on man's activities. This cooperative venture
between scientists and sportsmen is designed to study the best location
for game fish. The cyclonic side of currents such as the Gulf Stream
are regions of upwelling; this upwelled water, being rich in nutrients,
forms the basis for a food chain which comprises a favorite feeding
ground for large predatory fish. The June 1973 tournament was quite
successful because of the close proximity of the cyclonic edge to the
shelf. The July 1973 event however was one of the poorest in fish catch
statistics and was probably due to the significant offshore shift of the
current. This same experience has been noted in at least two other
commercial fisheries around the eastern Gulf.

Richardson (1974, personal communication) suggested the following
plausible scenario: consider the case of an oil spill in July at the
shelf break off St. Petersburg. The east and southeast prevailing winds
will advect the surface waters out toward the Loop Current area at per-
haps 10 mi./day. If, as in this series, the current is there, the oil
could be transported into the Florida Straits at 75 mi./day perhaps to
be blown ashore at Miami Beach. If the current had broken into an eddy
at this time (e.g., Cochrane, 1972), the oil could be trapped in the
anticyclonic gyre, prevailing winds permitting. If a third possibility
occurs (no Loop Current at this latitude), the oil may be driven ashore
on the northern or western shore of the Gulf., Similar arguments can be
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fostered for the winter condition when the wind direction has a strong
northerly component and remnant eddies may exist.

It is clearly necessary
to know the location of the current, or to be able to accurately predict

its location, if we are to have a meaningful model for oil spill advection
forecasting. -

Further Monitoring Needs

One of the purposes of the time-series given in figure 3 was to ob-
tain surface observations for correlation with ERTS and the NOAA-2
meteorological satellite. In a recent publication Maul and Gordom (1974)
discuss the relationship between the upwelling spectral irradiance, and
identification of the cyclonic boundary. This work is being extended to
the general problem of water mass identification by optical properties.

It is necessary to extend the work, in order to catalog the characteristic
spectral reflectance with the biological, chemical, and geological (sus-
pended sediments) variables in these waters. Such a task must be started
prior to the inception of oil drilling so that a baseline is established.

Further, remote sensing of ocean color will never be quantified, unless
this catalog is initiated.

Infrared sensing of sea surface temperature in the subtropics, for
the purpose of locating oceanic boundaries, is virfually useless during
wost of the summer and early autumn. This is because, in the Gulf of
Mexico for example, the sea surface becomes isothermal, and the strong
horizontal thermal gradient at the surface front (figure 2) of the cur-
tent disappears. The data given in figure 3 are being analyzed using

the techniques of Maul and Sidran (1973) for current boundary location
¢:ring the winter months. The reliability of this method is expected to
Ye superior to that using ERTS, because the ERTS sensors are not optimized
.t ocean cclor radiance levels or spectral distribution. Future space-
erafe will overcome some of these shertcomings, but .not all of them.

... s points out the need to model the Gulf Basin numerically as has
(- ;'°P°53d by AOML (unpublished document, 1973). That proposal calls
% E e use of these and other data in a prognostic mode in order to de-
. roh ‘dequage circulation predictions, which in turn, are needed to

‘. cil spills,

et Additionally, the interaction with the west Florida
E.\:St be known, since this will be the offshore boundary condition
5:.-_:'::15 of the shelf circulation. Such studies will lead to the com-

ety of observations (surface vessel, remote platform, and buoy)

;r_' ¢ specify the currents at any given time and hence be responsive

‘+ catastrophic event.

Conclusion
Prelinm:

Yt ::aé?’ analysis of the data presented in this paper shows that
i g, h‘"et“"ent has an annual cycle but the variations from year to
TR A unknown and unpredictable.

elf of The current strongly influ-
Circulation and interacts to exchange waters and hence
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particles and organisms. Knowledge of the location of the cyclonie !
boundary is necessary for oil spill trajectory models; a proper combing-

tion of surface vessel, remote vehicle and buoy observations to input
into prognostic numerical models is as yet unknown.
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List of Figures

1. Lindenkohl's 1895 map of the temperature field (°F) at 250 fathoms
in the Gulf of Mexico. Data are from soundings made by Sigsbee, .
Bartlett, and Brownson between 1874 and 1883, The shallow waters
(€250 fms) of Campeche Bank and the west Florida shelf, strippled on
the chart, outline the topographic constraints of the Gulf Loop Cur-
rent. The deep intrusion of warm Caribbean water was not recognized
as a current pattern at all, even as late as 1954.

2. Thermal cross—-section of the Gulf Loop Current on'l May 1973 north-
west of Dry Tortugas. Horizontal distance for the five-hour rum is
90 kilometers. Bucket temperature (hourly) is solid line and radio-
metric (10.5 - 12.5 pm) temperature is dashed, other variables con-
nect to their respective ordinate. The indicator isotherm is 22° C

at 100 meters which is approximately 20 kilometers to the right of
the maximum surface thermal gradient facing downstream.

). Pathlines of the 220 C isotherm at 100 meters from August 1972,
through September 1973. Surveys were 36 days apart and in coinci-
dence with every other transit of the Earth Resources Technology
Satellite: where two months are given, the survey extended over the
change of date. Cruises were from three to six days in duration and
the research ship motored with a following current.
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Western Florida Continental Shelf Program

Murice O. Rinkel
State University System of Florida
Institute of Oceanography
St. Petersburg, Florida

(A discussion of the Western Florida Continental Shelf Program, November,
1970 - February, 1972, which was prepared by the State University System
of Florida Institute of Oceanography, March 21, 1972, on behalf of the
University of Miami, National Marine Fisheries Service, Atlantic
Oceanographic Meteorological Laboratories, University of West Florida,
Florida State University, and University of Florida.
1974.)

Revised January 30,

Introduction

In the 1970 University of Miami proposal to the National Sea Grant
Program, Dr. Martin A. Roessler submitted a project "to study the natural
fluctuations in the yet relatively unexploited stock of commercial fish
for annual and seasonal variations in the abundance of spawning products,
{.e. eggs and larvae, on the Western Florida Continental Shelf. Samples
would be collected by a controlled rate of lowering and retrieval, double
oblique 505 p mesh plankton tows to within five meters of the bottom or

to a maximum depth of 200 meters with environmental support information
in the form of temperature and salinity.”

(Dr. Houde letter 2/17/71).

Both Dr. Roessler and the Sea Grant personnel realized that if
xortant and useful information were to be obtained by a project of this
Mture, it would be necessary to utilize all of the fish larvae and egg
Sceanographic resources within the State of Florida.

toe Dr. Roessler,
refore, contacted the Southeast Fisheries Center (SFC) of the National

':::: Fisheries Service (NMFS) of the National Oceanic and Atmospheric

muc:tration (NOAA) in Miami and requested their cooperation and

ke ::tion in the project. NMFS agreed, and a working group was

iy Albet“m the University of Miami (Dr. Edward Houde*) and NMFS

ke let:t Jones, Dr. William Richards, and Dr. Frank Hebard)
er 2/17/71).

(Dr.
The

o, ew’i};cg’ﬁs participants of this working group were also members
W tag g, Atlve interdisciplinary study of the Loop Current structure

stern Gulf of Mexico called EGMEX. The working group for EGMEX

e

St
..‘“::."Placed Dr. Roessler as University of Miami Principal In-
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consisted of the University of Miami, Texas A&M University, Atlantic
Oceanographic and Meteorological Laboratories (AOML), the Southeast
Fisheries Center, Nova University, University of West Florida, Florida
State University, University of South Florida, and the State University
System of Florida Institute of Oceanography (SUSIO), with SUSIO acting
as the coordinating agency for EGMEX (Rinkel, 1971).

SFC/NMFS realized that the physical, chemical and biological data,
and,more important, the personnel and scientific contributions resulting
from the EGMEX study, would be beneficial to any scientific study on
the Western Florida Continental Shelf. Dr. Hebard, therefore, discussed
the project during the planning meeting for EGMEX III to determine whether
EGMEX was interested in participating in the study. EGMEX agreed to
schedule the R/V JOIE DE VIVRE Cruise SUS-7030 on the shelf, during
EGMEX III, to determine the operational and research problems that might
occur if EGMEX cruises were combined with the Western Florida Continental
Shelf Program. Further, SUSIO agreed to discuss the project with personnel
in the seven state universities (EGMEX III Planning Session Minutes).

A meeting was held on February 3, 1971, in which the University of
Miami, SFC/NMFS, University of West Florida, Florida State University,
University of Florida, and University of South Florida agreed to a Western
Florida Continental Shelf Program, with SUSIO acting as the coordinating
agency. (Western Florida Continental Shelf Program Meeting, Tallahassee,
2/3/71). 1t was agreed that the following scientific objectives would be
studied:

A. To determine the seasonal distribution and abundance of eggs and lar-
vae of commercial fishes (University of Miami, NOAA/NMFS/SFC).

B. A seasonal synoptic survey of the physical oceanographic parameters
(NOAA/NMFS/SFC, SUSIO, and University of Miami).

C. To determine the distribution and concentration of IPO,, SiO3, NO3,

NO3 and relate them to the water mass characteristics of the Loop
Current and Caribbean waters  (NOAA/NMFS)*,

D. To collect physical data to conduct model verification on numerical
and experimental models of circulation on the continental shelf in
the northeastern Gulf of Mexico (Florida State University).

E. To determine the areal geology and substratum types of the slope and
inner continental shelf of peninsular Florida (University of Florida).

*The Atlantic Oceanographic Meteorological Laboratories, at a later date,
agreed to participate in the study to determine the distribution and
concentration of IPO4, S103, NO2 and NO3 and relate them to AOML studies
of the water mass characteristics of the Loop Current and Caribbean waters
study (Mr. George Berberian letter 2/3/71).
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To take bottom pictures and sediment samples on the continental
shelf (University of Florida).

To determine the engineering properties of the sediments (University
of Florida).

To collect demersal fishes and macroinvertebrates for studies of

their seasonal and areal distributions and abundance (Florida State
University).

To relate planktonic biological indicators collected with open-closing

nets to the density structure of the Gulf of Mexico Loop Current
(Florida State University).

To establish the presence or absence of Idotea metallica (Crustacea:
Isopoda) in the EGMEX area,correlate-the resulting information with

an ongoing worldwide zoogeographical determination of this species
(University of West Florida).

To collect pelagic fish eggs and larvae to determine seasonal distri-
bution, density, and speciation of sport and commercial finfish that
spawn or occur in the coastal waters adjacent to Tampa Bay

(St. Petersburg Beach Biological Laboratory - NOAA/NMFS).

To collect and bring back to the laboratory living material to rear
some fish species through metamorphosis to help make positive identi-

fication of eggs and larvae (St. Petersburg Beach Biological
Laboratory - NOAA/NMFS).

A Standard Master Grid Station Pattern, based on 15-mile centers
{rom the ten fathom line across the shelf was established. (Appendix I).

These stations were to be occupied in May, August, and November of 1971
822 February, 1972  (Chart I).

_ SUSIO then communicated the contents and the agreements of the
:utern Florida Continental Shelf Program to the NMFS St. Petersburg
lological Laboratory (NOAA/NMFS). This laboratory was under comtract
;:z:he National Park Service to conduct a seasonal study in the Everglades
.“.::al Park area between Cape Romano and Cape Sable out to five miles
Tas re. The locations of the stations on the project called "South

1da Environmental Studies Program" are shown in Chart II.* They
&ree to combine these data with the Shelf study.

uﬂt;‘ﬁm of 1971, Mr. Bruce Johnson of the State of Florida Coastal
"o, “entho\mcil requested the assistance of SUSIO in locating people
e "Y&‘-i‘do' a;e who would be interested in taking baseline data within
teesy u‘u:n fEscambia Bays and out to nine miles offshore (the terri-
oy in g of the waters in the State of Florida) for use by his
etermining the economic, social, and environmental use of the

g ¢
O3 vere not taken at the stations shown in Charts II and III.
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resources within this area. A group consisting of SUSIO, the Univer.ity
of Miami, the Environmental Protection Agency, AOML, Gulf Universities
Research Corporation (GURC), the State of Florida Department of Pollution
Control, and TRW, Inc., joined together to run a cruise in September of
1971, consisting of physical, chemical, geological, trace element, and
pesticide data. The location of stations is shown on Chart III.

An environmental measurement program, common and beneficial to the
scientific requirements of all of the projects, was to be taken at these
master station locations. This consisted of:

A. STD and/or oceanographic station casts (1.7 liter Niskin bottles
equipped with reversing thermometers).

B. BT and/or XBT lowerings.

C. Surface temperature.

D. Drift bottle releases.

E. As much surface weather data as each vessel was equipped to measure.

In support of the commercial fish larvae and egg project, the pro-
posed MARMAP Bongo data collection system was to be towed at each station
using 50 meters per minute lowering rate and a retrieval rate of 15 meters
per minute. These data were to be transmitted to the MARMAP project
leaders as a preliminary examination of the biomass resources on the
Continental Shelf and to help determine the future MARMAP sampling
locations.

In support of individual research projects, the following collections
were to be made:

A. Neuston net tows from one hour before sunset to one hour after
daybreak.

B. At certain selected sections of the grid pattern a standard ICITA
plankton net would be towed at the surface.

C. During the period of the study a single core and/or grab sample
would be taken at each station location ‘with an accompanying bottom
picture.*

The shiptime was scheduled on vessels from the University of Miami
(R/V GERDA) and SUSIO (R/V TURSIOPS, R/V DAN BRAMAN, and R/V BELLOWS)
with an understanding that when the R/V OREGON II was available, she
would be utilized to conduct sampling out and across the Loop Current
and as a back-up vessel for operations on the shelf in case of bad wea-
ther. When an EGMEX program occurred during any of the sampling months,

*NMFS Contract N-042-70-71 (N) Provision of Plankton Sorting Services.

{
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the cruises would carry an EGMEX expedition number.

The following agreements were reached as to the responsibility of

the partieipants in the collection, reduction, and analysis of the
resulting data:

A.

The state universities and the University of Miami would supply the
major portion of the shiptime and personnel for shipboard collectiom.

The other participants would supply vessels and personnel as their
existing commitments would allow.

NOAA/NMFS/SFC would be responsible for the reduction of all temperature
and salinity data to corrected values except for the salinity samples
collected during R/V GERDA cruises which were to be analyzed by the
University of Miami. The construction of station curves for tempera-
ture and salinity and quality control would be performed by SUSIO.
Digitization of mechanical BT's would be performed by SUSIO and

jointly by NOAA/NMFS/SFC and SUSIO for expendable BT's. The prepara-~

tion of these corrected data for submission to NODC would be the joint
responsibility of NOAA/NMFS/SFC and SUSIO.

AOML would be responsible for the data reduction of the IPO4, S1i03,
NO, and NO3, and the analysis of them as related to the density
structure. These data would be combined with the temperature and
salinity data by SUSIO and submitted to NODC.

The rough sorting of the plankton samples would be provided by NOAA/
NMFS/SFC, University of Miami, University of West Florida, Florida
State University, and Florida Atlantic University. The rough sorting
by the state universities would be under contract to NMFS.* After

the rough sorting of fish eggs and larvae, the remainder of the plank-
ton samples would be made available by NOAA/NMFS/SFC to other partici-
pants or scientific personnel who had the ability and necessary re-
sources to conduct other identifications and would write analytic
reports. Sport fishing and commercial larvae and eggs would then be
;ggntified by personnel from the University of Miami and NOAA/NMFS/

Samples from the upper two small nets of the Bongo net array would be
sade available for biological indicator studies to Florida State

University whenever the Western Florida Continental Shelf Program was
conducted in conjunction with an EGMEX program.

The Bongo net arra
y8 during May would have two nets and for August
Sovenber, 1971 Y g

thes » and February, 1972, four nets. Since only one of

Uenttl;:ts would be subject to rough sorting and fish egg and larvae

-, cation by the University of Miami and NOAA/NMFS/SFC, the re-
8¢ samples would be available to other participants or scientific

SCrad samp
= Qure lee and bottom pictures were not taken at stations indicated
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personnel who had the ability and necessary resources to conducy
other identifications and write analytic reports. At the completioy
of the program these samples would be stored and maintained by SUSTY
for distribution to interested parties subject to the review gnq
proval of the participants in the Western Florida Continental Shelt

Program.
G. Neuston net tows would be analyzed by the University of West Florigy ‘

H. Geological samples and bottom photography would be reduced and
analyzed by the University of Florida.

I. Drift bottle releases and the resulting data analyses would be the
responsibility of NOAA/NMFS/SFC.

J. NMFS St. Petersburg Beach Biological Laboratory (NOAA/NMFS) would be
responsible for the data reduction and analysis of the resulting
samples taken by standard ICITA plankton nets towed at the surface on
selected sections of the standard grid pattern.

Cruises

A total of 25 cruises have been completed during the pre-EGMEX samp-
ling and during operations in May, June, August, and November of 1971 and
February of 1972 utilizing the R/V BELLOWS (8), R/V DAN BRAMAN (4), R/V
ISLAND WATERS (1), R/V JOIE DE VIVRE (1), R/V OREGON II (2), R/V GERDA (4),
and R/V TURSIOPS (5). Of these 25 cruises, 17 of them were part of the
EGMEX series, i.e. EGMEX III (3), EGMEX IV (6), EGMEX V (5), and EGMEX VI

3).

- Track Charts

A composite track chart of all of the stations occupied by the ves-
sels during each operational month is recorded in Charts IV through IX.
The location of each station has been plotted as a small circle the dia-
meter of which is equal to two miles (the assumed navigational accuracy)
available from SUSIO in plotting charts to the scale of US CG & S 1007
for all stations occupied during the study. This chart site is the
standard plotting chart for the EGMEX data and therefore allows inter-
comparison of the shelf with the EGMEX data. There is one exception to
this and that is Chart III for ESCAROSA I. A total of 919 stations have
been occupied.

Methode and Instructions

A major problem faced in the utilization of data taken by individual
research projects or routine baseline data collections has been the lack
of adequate documentation of collection methods and instructions. This
prevents the future data user from adequately utilizing the data because
of lack of data verification. Since the desire of the project was to
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create a seasonal baseline data bank, standard instruction and collection ’
methods were established for the common core environmental data of temper-

ature, salinity, inorganic phosphate, nitrate, nitrite, and silicate and

plankton tows using either ICITA ne

ts, open and closing nets or NOAA/NMFS
Bongo net arrays. To insure that t

he Western Florida Continental Shelf
Program data were compatible with the EGMEX program, the collection methods
were standardized to that sampling program.

During the collection period the following collection systems were
used:

STD lowerings were made using a Bissett-Berman Model 9060.
XBT's were T-4's.

Mechanical BT's were either 200 or 450 ft. units.

Drift bottle releases were TABL Miller beer type and consisted of
either 12 or 24 bottles per release. ‘

Hydrographic casts consisted of either 1.7 or 5-1liter Niskin bottles

equipped with two protected reversing thermometers and below 150 meters,
an unprotected thermometer.

Plankton tows were by two or four-net NMFS Bongo net arrays, one
meter ICITA nets, and one-half meter opening-closing nets.

The Bongo net
and many of the ICITA net tows taken at the master station locations of
the Western Florida Continental Shelf Program were double oblique hauls.
The ICITA net tows taken during the South Florida Environmental Studies
Program (Chart I1) were either surface tows in water less than three
teters or oblique tows in water greater than three meters.

Trawls were by 16 ft. tri-nets.

Cores were two feet, two inches diameter.

Crabs were either Petersen or Ekman.

Dredges were Ekman.

3:tton photography was 35 mm. color.

Wile not at
taten gca

tached as part of this report, data collections were
tording to standard instruction sheets, which were:

U™ 70 111 In
STRUCTIONS -
Wivay s T FOR SAMPLING FOR MODEL NO. 9060 BISSETT

>.ARD DIRECTIONS FOR COLLECTING SEA WATER SAMPLES.

:"‘tt

-~10NS FOR SAMPLING FOR 1rP04, Si03, NOy, and NOj.

:‘3“jrt .
IONS FOR SAMPLING PARTICLE DATA COLLECTION.
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5. INSTRUCTIONS FOR SAMPLING FOR TRACE METALS.
6. INSTRUCTIONS FOR COLLECTION AND PROCESSING OF CHLOR a EGMEX V.

7. EGMEX II - ISCAROSA I.
8. PLANKTON SAMPLING INSTRUCTIONS - SHELF ICHTHYOPLANKTON SURVEY SAMPLING,

9. INSTRUCTIONS FOR SAMPLING FOR PELAGTIC FISH EGGS AND LARVAE BY 1 METER
505 p MESH NETS.

10. INSTRUCTIONS FOR SAMPLING OPENING-CLOSING % METER CM2 FLOWMETER
EQUIPPED WITH 200 p MESH PLANKTON NET TO COLLECT SHELLED MIXED Z00-
PLANKTON AS BIOLOGICAL INDICATORS OF WATER MASSES AND CURRENTS.

Copies of these may be obtained from SUSIO; similarly, cruise reports.

The individual research projects attached to the program used the
following data collection methods:

The collection of pelagic fish eggs and larvae to determine seasonal
distributions, density, and speciation of sport and commercial finfish

that spawned or occurred in the coastal waters adjacent to Tampa Bay were
surface 30-minute ICITA net tows.

Neuston net tows were 30-minute surface tows taken during nighttime
hours.

Summary of Observations

In Table I are listed the vessels, the cruise numbers, and a summary
of all observations taken during the 25 cruises. While a total of 919
stations were occupied, not all stations had each of these observations.
There are master plots of locations of observations for physical-chemical
(STD, Surface Temperature, BT, XBT, Drift Bottle, Hydro, and Optical);
for biological (Bongo, Opening-Closing, ICITA, Neuston, and Trawls); and
for geological (Cores, Grabs, and Camera) to the plotting scale of the US
C & GS 1007 chart. Copies of these may be obtained from SUSIO.

State of the Reduction of Data

As of December 31, 1973, the data for temperature and salinity
collected by STD lowerings, ocean station casts, XBT's, and MBT's have be
been analyzed, corrected, quality controlled, and submitted to NODC

for the 21 cruises completed between May 7, 1971, and February 12, 1972,
(Table II).
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Vessel Operational Organization or Agency NODC Ship
ldentification

R/V BELLOWS SUSIO 88 )

R/V DAN BRAMAN SUSIO 8C

R/V GERDA University of Miami GE

R/V OREGON II NOAA/NMFS 60

R/V TURSIOPS Florida State University TI

The data from the EGMEX III operations of R/V ISLAND WATERS Cruise
IW-7007, R/V JOIE DE VIVRE Cruise J-7014, and R/V TURSIOPS Cruise have
not been processed as part of the Western Florida Continental Shelf
Program. They have been considered as part of the pre-planning operation
for this study and as such are being submitted within the EGMEX envelope.

Rough sorting of the plankton taken during these 21 cruises has been
completed and the fish eggs and larvae submitted to the University of
Miami and NOAA/NMFS/SFC. The identification of these particular samples
has been completed by Drs. Edward D. Houde and Willjam J. Richards (Houde,
1973) (Houde and Fore, 1973). Under the agreement entered into by these
tvo participants, the plankton samples from all Bongo net arrays have been
transferred to the custody of SUSIO for distribution to interested parties.
A number of partial reports have been completed, and the work of the
University of Miami will be reported in the Marine Environmental Implica-
tion of Offshore Drilling in the Eastern Gulf of Mexico conference pro-
ceedings. The South Florida Environmental Studies Program has been com-

p'leted with analysis of the data collected and submitted to the Everglades
National Park system as a report (Lindall, 1972).

The ESCAROSA collections have had complete analysis for temperature,
salinity, oxygen, inorganic phosphate, nitrate, nitrite, silicate, trace
®etal, pesticides, sediment size particles, and clay minerals. The pre-
Uainary results of the trace metals, pesticides, sediments, and clay
fractions have heen issued in three separate reports (Corcoran, 1972)

gl’iffin, 1972) (Jones, 1972). These reports may be obtained from the
crida Coastal Coordinating Council.

wu{“:Se three segarate reports along with supplementary information

Wtic: by non-funded agencies, universities, and organizations that

?‘roump::ed in EGMEX IV and the Western Florida Continental Shelf

ts Presen:‘{e been ccmbined into one c'omprehensive document. This document

Flerida Te ¥ published and entitled "An Oceanographic Survey of the

one of "‘"itorial Sea of Escambia and Santa Rosa Counties". To date,

.o the-‘;zsieports from the individual research projects in connection

e ern Flcrida Continental Shelf Program have been released.

;tign rzport on pelagic fish eggs and larvae to determine seasonal

‘aast,] \'ate' ensity, and speciation of finfish that spawn and occur in

s adjacent to Tampa Bay is in press. Details concerning

‘er
Carty
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this study may be obtained by writing to the Gulf Coastal Fisherieg Centey

Data Location

To assist possible users of the data in locating the parameters col-
lected during this study, which might be common to the South Florida
Environmental Studies, the ESCAROSA I, and the Western Florida Conthunu‘l
Shelf Programs the depository locations are listed below:

Temperature, salinity, oxygen, inorganic phosphate, nitrate, nitrite,
silicate - Environmental Data Service/NODC.

Plankton net collectiong, which have been analyzed and reduced to
numbers or identifications, are as follows:

A. Fish eggs and larvae from Bongo nets - University of Miami and NOAA/
NMFS/SFC.

B. ICITA net tows of South Florida Environmental Studies Program -
Gulf Coastal Fisheries Center.

C. 1ICITA net tows for fish eggs and larvae to determine the seasonal
distribution, density, and speciation of finfish that spawn and occur

in coastal waters adjacent to Tampa Bay - Gulf Coastal Fisheries
Center.

D. Yet unsorted or identified plankton samples -~ SUSIO.

E. Trace metals, pesticides, and geological data from ESCAROSA I -~
Florida Coastal Coordinating Council,

Products

It was the intent of tfie participants to produce a number of environ-
mental atlases using the combined data from within the program. The first

of these atlases will be a physical atlas of temperature, salinity, and
sigma t.

This atlas will consist of vertical sections for temperature, salin-
ity, and sigma t plotted along either longitude or latitude. The contour

intervals for the various parameters will be temperature, 1°C; salinity,
0.02 ©/o0; and sigma t, 0.02.

These contour intervals are in égreemznt with the EGMEX program and
will allow inter-comparison of the data from the programs. The depth
scale is one inch to 50 meters.

The location of these vertical sections is shown on Chart I along
with the computer identification numbers assigned to each vertical sec~-
tion. If data were available from two or more stations on any of these
computer sections, the vertical distribution has been constructed and-
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will appear in the atlas.

Horizontal charts have been constructed for temperature, salinity,
and sigma t at the surface, standard depths of 10, 20, 30, 40, 50, 75, -
and 100 meters,and at the bottom with the following exceptions:

1. June does not have a standard depth of 100 meters

2. February does not have a standard depth of 100 meters.

Contour intervals of these charts are similar for each of the para-
meters to those in the vertical sectioms. In the construction of the
bottom charts, the observations must have been taken within five meters
of the bottom to be included in the charts. The master station positions
as indicated in Appendix I in the Western Florida Continental Shelf
Program appear as circles. Data taken within the operational area but at
locations other than these master stations are indicated by appropriate
symbols and identified by ship numbers. Both the vertical sectioms and
the horizontal charts have been drawn to the scale of CGS 1007 and as such
are comparable to EGMEX data. On the vertical sections the location of
oceanographic station bottles has been indicated by a solid circle. Om
these sections the type of collection method used follows the station
sumber, and the following symbols have been used:

0 = Ocean Station Cast.

I = XBT.

§ = STD Lowering Model 9060.

The data from the Ocean Station Casts have been reduced, digitized,
®<¢ placed onto punch cards in the NODC format as follows:

1
6.

The BT or XBT taken directly before the cast was entered onto the

station curve using the surface reversing thermometer temperature as
¢ set-up temperature.

*s

g

The profile of this in situ measurement was used in constructing the
temperature curve of the Oceanographic Station Cast.

:xnce the XBT or MBT taken lzefore the cast was lowered to the bottom,
Wperature data may extend below the bottom bottle of the Oceano-
¢raphic Station Cast.

e galinge

ot ¥ curve was drawn, taking into account the inflection

Bts of the temperature field.

Ne

.‘“::ft:‘:n curves were then compared by the Montgomery method
ares "ations along the plotting latitude or longitude and to the
."“;. ation north and south or east and west of the plotting

N thg ’ ¥
STO loverings all casts had at least a calibration bottle i
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at the surface and bottom. These bottles contained two protected rever,
thermometers and on the bottle above the STD unit, an unprotected Teversing
thermometer. The calibration results were plotted, and the lowerings have
been corrected to align best fit with a range of + .02°C in temperature
or + .03 ©/oo in salinity. This calibration has been submitted with the
data to NODC. )

The oceanographic cast data, the STD lowerings, the XBT's, and MBT'y
were digitized to include temperature at half and whole degrees and any
inflection point in which the linear relationship of the temperature pro-
file changes by more than + 0.020C. Salinity values were determined for
these temperature values, and the salinity was read at every 0.2 /oo along
with its corresponding temperature. Sigma t was digitized at every 0,2
sigma t unit. The data, therefore, have been digitized to within the ac-
curacy of the data collection systems, and curves canr be constructed from
them using straight line relationships allowing any user to use a ruler
and graph paper to construct a curve to determine any value not presently
digitized.

For the Oceanographic Station Casts the original observed data from
the bottles have been submitted to EDS/NODC and entered into their ocean
station files. These data are computer printed out in NODC format for
inclusfon in the atlas. XBT and STD lowerings have been digitized as
described above and computer printed out in the NODC format for inclusiom
in the atlas.

The digitization standards as described above have been entered into
NODC format and on punch cards, and these punch cards are available at
cost from SUSIO. These cards were used in a NODC computer program to plot
working horizontal charts and vertical sections by EDS/NODC and form the
working vertical sections and horizontal charts from which the final
camera ready figures were drawm.

The data list-outs will be presented in the atlas in this form to
allow each individual a choice either to use the figure or to have the
corrected raw data for his own interpretation. Copies of all XBT data
may be obtained from SUSIO. MBT lowerings were digitized as described
above and may be obtained from SUSIO.

There are a total of 104 vertical sectioms and 123 horizontal charts.

Month Vertical Sectiofs Horizontal Charts
May 24 2%
June 5 : 21
August 43 27
November 22 | 27

February 10 24




These sections and charts may be obtained from SUSIO for the cost of
reproducing Xerox copies. The atlas text, figures, and observed data are
in camera ready form for publication, but at the present time no funds

are available for printing an atlas. The work in preparing this material
has been supported by funds from:

National Science Foundation - Contract No. GA-29590
American Petroleum Institute
Florida Petroleum Council

Florida Coastal Coordinating Council
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i TABLE I
9
' Vessel &
Cruise No. Sta. Days STD Sfc. T. BT XBT D.B. Hydro Optical Bongo 0/C ICITA Neus. Trawl Core Grab Dredge Camera
October, 1970
R/V ISLAND WATERS 63 11 24 63 0 131 0 ] 0 0 0 0 0 0 0 0 0 0
IW-7007
R/V JOIE DE VIVRE 59 12 0 59 55 (1] V] 0 0 0 0 0 0 0 0 0 0 0
J-7014
R/V TURSIOPS 26 12 0 22 0 13 0 20 8 0 8 0 (1] 4 0 0 4 0
T-7070
.
May, 1971
R/V BELLOWS 40 10 0 40 0 0 0 40 0 0 0 40 0 18 40 0 ‘0 0
B~-7102
R/V DAN BRAMAN 86 12 0 86 73 0 0 86 0 86 0 15 0 0 1 72 0 61
DB-7103
— R/V TURSIOPS 39 9 "0 39 10 0 0 39 0 0 0 37 18 1 0 0 1 0
B T-7114
R/V GERDA NO DATA AVAILABLE - VESSEL FAILURE
G~7113
June, 1971
R/V GERDA 31 9 0 31 31 0 0 k)1 1] 31 0 O 0 ] 0 o 0 0
G-7117
August, 1971
R/V BELLOWS 40 6 0 40 0 0 0 40 40 0 0 40 (/] 25 0 0 0 0
B-7103
R/V DAN BRAMAN 100 17 7 100 93 0 (100) 100 (] 99 0 46 1} 0 0 0 0 0
DB-7109 1200 .
R/V TURSIOPS 8l 18 0 81 63 20 (81) 81 0 51 0 4 29 o 0 0 0 0
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Hydrc_Optical Bongo 0/C ICITA Neus. Trawl Core Grab Dredge.Camera

Ivl’.l.:: _:-)_. Sta. Daye STD SFC. T. BT XBT D.B. oeast 1971

R/V BFLLOWS 11 14 6 2 0 14 2 2 6 1 6 0 0 0 0 0 0, 0
R-7109 (24)

R/V DAN BRAMAN 8 5 0 8 8 0 0 ] 0 8 0 0 4 0 0 0 0 0
DB-7110

R/V OREGON Il 10 8 0 10 0 9 10 2 0 5 1 0 5 0 0 o 0 0
0-7129 (120)

September, 1971
R/V DAN BRAMAN 30 3 0 30 31 0 204 30 0 0 0 0 0 0 Y 0 0 0
DB-7113 .
R/V TURSIOPS 40 6 26 40 40 0 0 40 0 0 0 0 0 0 0 0 6 0
T-7123
R/V BELLOWS 30 3 0 30 29 0 264 29 0 0 0 0 0 0 0 0 16 0
B~7105 :
November, 1971 .
R/V GERDA 2 5 0 2 2 0 o 2 0 2 0 0 0 0 0 0 0 0
G~-7127 .
R/V TURSIOPS kk) 7 0 33 37 0 0 33 33 33 0 o 0 0 33 68 (1] 0
T-7129 .
.

R/V BELLOWS 45 11 0 45 39 5 0 45 0 3 0 42 20 0 0 0 0 0
B~7017
R/V BELLOWS 40 7 0 40 0 0 0 40 40 o 0 &0 0 24 0 0 0 0
B-7108
R/V OREGON II 28 15 0 28 0 27 0 3 0 22 0 22 5 0 0 0 0 0

0-7131




711

Vessel &

226 63 906 543 122 2784
‘

Cruise No. Sta. Days STD SFC. T. BT XBT D.B. Hydro Optical Bongo O0/C ICITA Neus. Trawl Core Grab Dredge Camera
February, 1972

R/V BELLOWS 22 10 0 22 17 3 0 19 0 17 0 15 12 0 0 0 0 0
B~7201

'R/V BELLOWS 40 7 0 40 0 0 o 40 40 0 0 40 0 24 0 0 0 0
B-7202

R/V GERDA 15 9 0 15 15 0 0 15 0 15 0 0 5 0 0 0 0 0
G-7202 .
TOTAL 919 737 167 401 016 361 98 %% 74 140 127 61




10-5-73 ks

TABLE I1I ) :
- NODC y

Cruise Numbers Columm NODC Ship .
Susio Vessel SFESP 28-30 Ref. No. Cruise Dates_ Days Stations F
SUS-7113 DB-7103 None 113 31-2003 May 7-18, 1971 13 86
SUs-7114  T-7114 Nome 114 31-8298 May 7-15, 1971 9 39
SUS-7107 B-7102 001 001 31-7033 May 15-23, 1971 8 40 -
None G-7117 None 117 31-1774 Jume 26~July 4, 1971 9 31
SUs-7119 B-7103 002 002 Nome Aug. 1-6, 1971 6 40
§US-7120 DB-7109 Nome 120 31-2004 Aug. 9-23, 1971 15 100 f
SUS-7121 T-7121 None 121 31-2005 Aug. 7-25, 1971 19 81 ,
SUS-7122 B-7104 Nome 122 None  Aug. 20-Sept. 2, 1971 14 19 r
SUS-7123  0-7129 Nome 129 31-1896 Aug. 9-29, 1971 21 10 :.‘
SU5-7124  DB-7110 Nome 124  Nome Aug. 25-29, 1971 s 8
§05-7125 D3-7113 None 125 .31-1852 Sept. 14-16, 1971 3 30
KS-7126  T-7123 None 126 31-1851 Sept. 14-16, 1971 3 40 ‘
$U5-7127 B-7105 None 127 31-1850 Sept. 14-16, 1971 3 30 ‘
%7133 37108 003 003 Nome oOct. 30-Nov. 5, 1971 6 40 -
£.-7132 B-7107 None 132 31-2100 Nov. 6-~16, 1971 11 45 :):"
Ki-"i%  6-7127 Nome 127 Nonme Nov. 7-14, 1971 8 2 _‘f?
Kot 1-7129 None 131 31-2099 Nov. 9-15, 1971 7 33 : ;
RS 013 Nome 131 © Nov. 2-16, 1971 7 2 i '_
BoTLLOBT0L Nome 201 31-1907 Feb. 2-11, 1972 10 22
b C-1202 None 202 Feb. 1-8, 1972 8 15 '
e 3722 004 004 31-7033 Feb. 12-18, 1972 7 40 ‘ “
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PERMANENT STATION LOCATIONS AND NUMBERS
FOR THE WESTERN FLORIDA CONTINENTAL SHELF PROGRAM

STATION NO.  DEPTH LAT. N. LONG. W.| STATION NO.  DEPTH LAT. N. Lo, §
(Fathoms) (Fathoms) ’ '
1 38 24°30' 83013 25 40  25°15' 830y :
2 600 24 30 83 47 26 8 25130 8143 k
3 1850 2 30 84 20 27 9 2530 8200 ;
4 13 2 45 82 14 28 15 2530 8216
5 15 24 45 82 30 29 18 2530 82 % )
6 17 2 45 82 47 30 25 2530 8250
7 28 2% 45 83 03 31 32 2530 8307
8 29 26 45 8331 32 36 2530 832
9 70 26 45 83 54 33 43 2530 8340
10 11 25 00 82 04 34 88 2530 8 14
11 15 25 00 82 21 35 1800 25 30 84 43
12 20 25 00 82 37 36 6 2545 8150
13 26 2500 8256 . 37 12 2545 8207
16 33 25 00 8311 38 15 2545 822
15 37 25 00 83 27 39 19 2545 8241
16 70 25 00 84 01 40 26 2545 8257
17 1600 25 00 84 34 41 32 2545 83 14
18 8 25 15 81 37 42 39 2545 8330
19 8 2515 81 53 43 60 2545 83 47
20 1 2515 8210 I 10 2600 8214
21 18 2515 82 27 45 16 26 00 82 30
22 . 23 2515 82 44 46 20 26 00 8247
23 29 2515 83 01 47 25 2600 8304
24 3% 2515 8317 48 33  2600- 8321




PERMANENT STATION LOCATIONS
WESTERN FLORIDA CONTINENTAL SHELF PROGRAM

Page 2

STATION NO.

49
50
51
52
53
54
55
56
57
58

59

DEPTH LAT. N. LONG. W.

(Fathoms)
39
65
120

1820

15
19
28
33
42
77
10
14
21
27
35
50
80
180
1800
11
17
22
29

26°00'

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

26

00
00
00
15
15
15
15
15
15
15
30
30
30
30
30
30
30
30
30
45
45
45
45

83938

83
84
85
82
82
82
83
83
83
84
82
82
83
83
83
83

85
82
82
83
83

54
29
02
20
37
54
11
28
44
02
27
44
01
18
34
51
08
43
17
34
51
07
25

STATION NO.

115

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
9%
95
96

DEPTH
(Fathoms)

35
48
80
11
17
22
29
- 35
51
35
350

1790

10
23
28
35
50
80

16
22
26

35

LAT. N. LONG. W.

26945

26
26
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

27

45
45
00
00
00
00
00
00
00
00
00
15
15
15
15
15
15
15
31
31
31
31
31

832"

83
84
82
82
83
83
83
84
84
84
85
82
83
83
83
83
84
84
82
83
83
83
84

58
15
41
58
14
31
48
05
22
57
31
48
04
21
37
54
12
29
56
12
29
46
a3



: PERMANENT STATION LOCATIONS
' WESTERN FLORIDA CONTINENTAL SHELF PROGRAM

Page 3
STATION NO.  DEPTH LAT. N. LONG. W. ! STATION NO.  DEPTH LAT. N. LOW, g,
(Fathoms) | (Fathoms)
97 50 27°31' 84°20' 121 6 28°15' 82059
98 90 27 31 84 37 122 11 28 15 83 16
99 370 27 30 8511 123 15 28 15 8333
100 1780 27 30 85 45 124 19 28 15 83 49
101 8 27 46 83 03 125 19 28 15 84 08
102 16 27 46 83 20 126 29 2815 8423 ,
103 20 27 46 83 37 127 50 2815 8 51 g
104 26 27 46 83 54 128 5 28 30 8305 :
105 25 27 46 84 10 129 11 28 30 8323 |
106 55 27 46 84 27 130 14 28 30 83139 I
< 107 110 27 46 84 44 131 18 28 30 83 56 !
4 108 5 28 00 82 52 132 17 28 30 84 14
109 10 28 00 83 09 133 27 2830 8 29
110 15 2800 8326 134 32 28 30 84 51
| 111 20 28 00 83 43 135 103 28 30 85 25
, 112 25 28 00 83 59 136 190 28 30 86 00
113 kY3 2800 8417 137 323 28 30 86 34
114 42 28 00 84 34 138 550 28 30 87 09
115 100 28 00 84 51 139 1350 28 30 87 43
116 280 28 00 85 25 140 5 28 45 83 13
117 650 28 00 86 00 141 11 28 45 83 30
118 1600 28 00 86 34 142 13 28 45 83 46
119 1550 28 00 87 09 143 18 28 45 84 04
120 1475 28 00 87 43 144 19 2845 8421




PERMANENT STATION LOCATIONS

WESTERN FLORIDA CONTINENTAL SHELF PROGRAM

Page &4

STATION NO.

145
146
147
148
149
150
151
152
153
154
155
136
14}
158

1%

g EFEEEFEEEE

o

DEPTH LAT. N. LONG. W.

(Fathoms )

28
6

9
13
15
17
21
39
140
220
477
900

12
14
15
23
95
205
420
223

2895

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29

00
00
00
00
00
00
00
00
00
00
00
15
15
15
15
15
15
15
15
15
15
30

30

84°51'
83 20
83 37
83 54
84 10

84 51
85 25
86 00
86 34
87 09
87 43
83 27
83 44
84 01

85 25

86 34
87 09
87 43
83 34
83 51
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STATION NO.

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

181A
186
187
188
189
190
191

DEPTH
{Fathoms)

12
13

9

9

33
120
210
33
10
23
75
120
19
17
38
21
14

LAT.N.

29°30'
29 30
29 30
29 30
29 30

29 30

29 30
29 30
29 45
29 45
29 45
29 45
29 45
30 00
30 00

"30 00

30 00

OPTIONAL STATIONS

10
10
12
13
520
600
1600

30 00

30 15

3015
30 13
24 00
24 00
24 00

Lm' w.

84°08*
84 24
84 51
85 25
86 00
86 34
87 09
87 43
85 29
86 00
86 34
87 09
87 43
86 00
86 3%
87 09
87 43

85 36
86 00
86 34
87 09
83 02
83 34
84 06
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Tidal Currents on the West Florida Shelf

Harold 0. Mofjeld
NOAA/Atlantic Oceanographic and Meteorological Laboratories
Miami, Florida

Much of the water motion on the West Florida Shelf is due to the
tides. Perhaps the most familiar examples of tidal currents are the cur-
rents at the mouths of harbors. These currents are caused by the differ-
ences in water level between the water on the continental shelves outside
the harbor and the water within the harbors. On the West Florida Shelf
and in the deep water beyond, similar tidal currents exist because of
differences in sea level caused by the tides. As will be discussed
later, there are two other kinds of currents which resemble the familiar
tidal currents and which can make important contributions to the water
motions on the shelf.

The tides in the Gulf of Mexico originate in the Atlantic Ocean.
It propagates as a wave into the Gulf where it has a very complicated
but poorly described distribution. Tides are composed principally of a
semidaily part with a period of about 25 hours. As seen in the Tide
Tables, published by the Department of Commerce, the tides along the East
Coast of the United States are semidaily. At the .outhern limit of the
West Florida Shelf, Key West has a semidaily tide; the range of the tide
is small compared with representative tides along the East Coast. Along
the West Coast of Florida, the tides change becoming more daily toward
the north. At Pensacola, the tide is almost purely daily. The transi-
tion does not proceed smoothly up the coast as shown by Zetler and Hansen
(1972) in their description of tides in the Gulf of Mexico. Apalachicola
Bay has a profound effect on the tides, a phenomenon not well understood.

Theoretical models of the tides in the Gulf, such as the model
described by Mihkaylov et al. (1969), which predict the distributions of
tides are available. Observations of pressure, made by AOML using a
bottom-mounted pressure gage in the middle of the Gulf, indicate that
the general features of Mihkaylov's model are at least correct for the
semidaily tide in deep water. Much work, both making observations and
developing models, must be done before the tides which drive tidal cur-
rents on the West Florida Shelf are adequately described.

If the currents on the shelf were due solely to the vertical move-
ments of the sea surface associated with the tides, the currents would
be as regular and predictable as the tides. Unpublished current obser-
vations at 26° N on the West Florida Shelf, made by Prof. C.N.K. Mooers
and others at the University of Miami/RSMAS and NOVA University, show
that the currents with periods of half a day to a day are irregular.
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These currents consist of not only tidal currents but also internal waves
of tidal period and inertial currents caused by the winds. The latter
two types of motions are responsible for this irregularity.

From the middle of spring until the middle of autumn, the water
over much of the West Florida Shelf consists of a well-mixed surface
layer of low density and a well-mixed, heavier layer underneath. Separat-
ing these two layers is a thin layer, called a pycnocline, in which the
density of the water increases rapidly with depth. Undulations in this
pycnocline are created at the shelf break by the tidal currents moving
water on and off the shelf. These undulations propagate as internal
waves toward shore from the shelf break. Since they have the same period
as the tide, they are often called internal tides.

A clear example of internal tides off Panama City, Florida, was
observed and reported by Boston (1964). During three days of observation,
the pycnocline was seen to undulate with the period of the daily tides.
Since the shelf is narrow at Panama City, the internal tide reflected off
the nearshore bottom topography and formed a seaward propagating wave.
Elsewhere on the West Florida Shelf where the pycnocline disappears sea-
ward of the nearshore region, no reflected wave would be produced.
Instead, the shoreward propagating internal tide is dissipated entirely
into turbulence, probably where the water column becomes vertically
homogeneous.

As the pycnocline moves up and down, it induces currents of tidal
period in the surface and bottom layers. The currents in these two
layers are opposite in direction. The current in each layer rotates in
direction during the tidal cycle because of earth's rotation. Since the
pycnocline is seasonal, currents due to internal tides are also seasonal.
When the pycnocline over most of the shelf disappears in the fall, the
internal tides also disappear. However, during much of the year, par-
ticularly on the outer shelf, internal tidal curreants are probably a
significant part of the total current regime.

Whenever the wind blowing over the sea surface changes either in
intensity or in direction, it induces near-surface currents which rotate
in time. The sense of rotation is clockwise, looking down on the sea
surface, in the northward hemisphere. The period of these inertial cur-
rents, as they are called, in the Gulf of Mexico is very close to the
period of the daily tide. If the changes in the wind are sufficiently
strong, the resulting inertial currents can exceed the tidal currents
on the shelf. An example of storm-induced currents can be seen in unpub-~
lished current observations made by AOML off the West Florida Shelf.
Current measurements near the surface clearly show inertial currents
generated by the passage of a tropical storm. Rotatory currents with
the inertial period appeared and then decayed with time. This decay in
the inertial current's intensity was probably due to three processes
which affect inertial currents. Since inertial currents have some wave-
like attributes, some of the motion propagates away from the generation
region. Turbulence causes the near-surface motion to diffuse downward
so that the inertial motion is no longer concentrated near the surface.
Finally, this same turbulence dissipates the motion.
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These three processes, propagation, vertical diffusion, and
dissipation, also affect inertial currents on the West Florida Shelf.
The motion is further complicated on the shelf by the effects of
shallow and variable water depth and by the presence of the coast.
Since strong wind events, tropical storms, hurricanes, and cold
fronts occur frequently on the West Florida Shelf, inertial currents
can be expected to occur often with considerable intensity in this
region. .

At least conceptually, the shelf may be subdivided into smaller
regions, more or less parallel to shore, in which the composition
and characteristics of the tidal and inertial currents differ. Near
the shelf break, the tide makes a transition from the deep sea to
the shelf. Throughout the year, the water in the immediate vicinity
of the shelf break and seaward tends to be vertically stratified.
The motion of the tides on and off the shelf therefore generates
internal tides during the entire year.

During the summer regime when the water is stratified over much
of the shelf, these internal tides propagate from the shelf break
across the outer shelf toward shore. In the middle shelf, the den~
sity stratification may disappear; and the internal tides cannot
propagate into this region. Nearshore, the presence of the shore
and inlets strongly affects tidal and inertial motions. Density
stratification also affects the vertical distribution of inertial
currents; and the different density regimes on the shelf therefore
also apply to inertial currents. In general, internal tides and
inertial currents on the shelf are seasonable. Currents associated
with the surface tides, on the other hand, persist throughout the
year.

There are very few direct measurements of currents on the West
Florida Shelf. The measurements which do exist are limited to the
Panama City area in the north and the southern section of the shelf
around 26° N. The current regime over most of the West Florida Shelf
is unexplored; the discussion above is necessarily qualitative.
Before quantitative estimates can be made and before the distribu-
tion of currents throughout the year can be described for the West
Florida Shelf, a great deal of field work must be done. Hopefully,
this work will be done in the near future. Associated with field
observations should be the development of models, first descriptive
and then predictive, to compute the currents on the shelf, using a
small number of field data. The number of expensive monitoring
stations could then be kept to a minimum.
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Response of the West Florida Shelf Circulation
to Strong Meteorological Forcing

Christopher N. K. Mooers
University of Miami
Rosenstiel School of Marine and Atmospheric Science

Introduction

The overall experimental schedule and data harvest are summarized
in Tables 1 and 2. For simplicity, only a few results from the Winter
1973 Experiment are discussed. A current meter array, distributed hori-
zontally and vertically, formed the core of the experiment (Fig. 1.).
The array was designed to . study the propagation of barotropic and
baroclinic waves, with tidal and several-day time scales. It was de-
signed to also define the circulation during the experimental period and
the coherence scales of the variability field. The experimental chron-
ology is summarized in Fig. 2. In addition, = large number of hydro-
graphic and meteorological data were acquired through and around the
array site.

Mean Circulation

The mean circulation and temperature field are summarized in Fig. 3.
There was a general tendency for the mean velocity to parallel the iso-
baths., On the inner shelf (depth less than 100 m), the velocity was
southward; on the outer shelf (depth greater than 100 m but less than
200 m), the velocity was northward. At the break between the inner and
outer shelves (depth equal to 100 m), the shallower currents were south-
ward while the deepest currents had a northward component. The sense
of the vertical shear - i.e., increasing northward with depth - at all
positions between the 100 and 200 m isobaths was consistent, through the
thermal wind relation, with the shoaling of the thermocline from deep to
shallow water (shown, for example, in Fig. 4).

Variable Circulation

A general idea of the nature of the variable component of the cir-
culation field can be deduced from the progressive vector diagrams,
Figs. 5, 6, and 7. Each depth domain had its own characteristic varia-~
bility. On the inner shelf, a single, major, barotroplc reversal oc-
curred; on the outer shelf and at the break between the inner and outer
shelf, the most variability (i.e., several reversals containing baroclinic
components) was observed. At the outer shelf break (depth 200 m), one
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large rotation occurred with a period of about two weeks. It rotated
clockwise at mid-depth and anticlockwise near the bottom!

Meteorological Conditions

Time series of the basic meteorological variables at the center of
the array site show the passage of five cold fronts of varying intensi-
ties during the experimental period (Fig. 8). While a climatology of '
cold fronts in the Gulf of Mexico does not seem to exist, conventional
wisdom holds that the meteorological conditions experienced are repre-
sentative of the winter season, October through March. Since maximum
wind speeds are associated with cold fronts, it is to be expected that
the most intense air-sea exchanges occur with their passages. Further-
more, since the cold fronts are the principal seasonal meteorological
events in this area, much of the seasonality of the density stratifica-
tion and circulation is probably produced by their cumulative effect.
It is also reasonable to expect that the first powerful cold front of
the season is likely to produce the most dramatic effects.

Response to the Cold Front of 9 and 10 February 1973

The passage of the strongest cold front of the experimental period
occurred on 9 and 10 February 1973. The discussion of the response
will be limited to data from a Cyclesonde station at the outer shelf
break. A Cyclesonde is an autonomous variable buoyancy device for samp-
ling time series of vertical profiles of horizontal velocity and temper-
ature (see Van Leer et al., 1973, for a description of the system, which
has been largely developed under this program). Contours of the data
obtained from 265 Cyclesonde profiles (sampled half-hourly and at 5-
meter vertical increments) reveal a complex vertical and temporal struc-
ture Fig. 9). Before the passage. of the 9 - 10 February cold front, the
surface and bottom mixed layers were becoming thinner and warmer, pre-
sumably as part of the "recovery" from the previous cold front passage.
After the cold front passage on 9 and 10 February, the surface and bot-
tom boundary layers became thicker and cooler again. The velocity field
generally showed considerable baroclinic noise on a tidal time scale.

Of great interest is the generation of an intense, baroclinic, clock-
wise, inertial (period of about 27 hours) oscillation in the upper 50 m
during the passage of the cold front. Finally, the mean velocity and
temperature profiles (Fig. 10) for each of the two Cyclesonde segments
(before and after the cold front passage ) reveal the following:

(1) the alongisobath flow became more baroclinic with the frontal pas-
sage, (2) the transisobath flow became one-celled rather than two-celled
and was consistent with wind-induced coastal upwelling, i.e., offshore
Ekman drift in the surface layer and onshore flow in the lower layer,
(3) the maximum mean velocity occurred at the top of the thermocline in
both cases, (4) virtually the entire water column was cooled by an
average of 1°C, (5) the turbulent intensity (ration of r.m.s. to mean
velocity) was of order one and nearly h-orizontally isotropic except
near the surface, and (6) the r.m.s. velocity became substantially more



uniform with depth after the frontal passage.

Summary

The results presented here are only a small fraction of those in
hand. It is already clear that. the level of variability on the West
Florida Shelf was high, the experimental design was effective for re-
vealing the space-time structure of the dynamic variables, and the influ-
ence of meteorological events (as well as tides, the Loop Current, etc.)
must be accounted for in understanding the density stratification, circu-
lation, and exchange processes on the West Florida Shelf. With a sub-
stantial funding increment, the rate of data reporting and data digestion
could be substantially accelerated. The results from these studies can
be counted upon to provide new, basic knowledge and a basis for planning
future studies and derivative (applied) knowledge. Finally, with little
doubt, it is safe to say that the present studies are the most compre-
hensive investigations of physical variability on the West Florida Shelf
and that the field of variability observed at the array site is likely
to be representative of that found elsewhere in the Northeast Gulf of
Mexico.
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Table 1

Overall Experimental Schedule

|Jan.| Feb. 'Mar. lApr. IMay |June iJuly | Aug. |Sept.|0ct.| Nov. |Dec.|

(1)
1972 —t
1973 2) '____'(3)
- | % t
I
1974 Loy 9
I1 L III

7e1

(1) Pilot Study
(2) Winter Experiment
(3) Autumn Experiment

I, II, 1III Shelf Wave and Monitoring Experiment




(1) Pilot Study June 1972

(2) Winter 1973 Experiment

(3) Autumn 1973 Experiment

Table 2

Data Harvest

1 Shelf Wave and Monitoring Experiment August to December 1973

11,111 Shelf Wave and Monitoring Experiment December 1973 to ?
-
11 3
1) (2) (3) 1 izl &
STD 156* 223% ~250# 629
(Casts)
XBT 105% 195% ~50 350
(Casts) -
02 —— 200%* ~50*% 250
(Samples)
Cyclesonde 9404 2,800# ~2,000 5740
(Profiles) ~250% ~300%
APCM 1604 10% 0 170
(Profiles)
Fixed-level CM (4 of 6) (13 of 13) (12 of 15)
(No. Days) x 8% = 32 x 29% = 288 x 45 = 540 967 1827
Inclinometer 6 12 missing 18
String (Days)
Meteorological Ship Ship/synoptic Ship
Data charts
Other GEK, NDBC —
Thermo- Meteorolog-
salinograph ical buoys
# Reduced

* Processed to some extent
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Seagrasses

Harold J. Humm
Department of Marine Science
University of South Florida
St. Petersburg, Florida

The inner part of the great continental shelf along the Florida
Gulf coast supports the most extensive seagrass beds of the continent of
North America. A major stand of these seagrasses occurs from Tarpon
Springs northward to Port St. Joe of the Florida panhandle in subregion
C of Earle (1969), an area in which the seagrass beds are essentially
continuous for a distance of about 250 miles. The gentle slope of the
inner shelf in this area is such that these seagrass beds are more than
ten miles wide in many places, extending from the intertidal zone out to
depths of six to eight meters or more (Humm 1973).

Three species (perhaps four, if den Hartog, 1970, is followed) make
up about 99 percent of the biomass of these seagrass beds: Thalassia
testudinum Kénig and Sims, Syringodium filiforme Kiitzing in Hohenacker,
and Halodule wrightii Ascherson (Diplanthera wrightii [Ascherson]
Ascherson). The relative abundance of these three species is presumed to
be in the order given above, based upon general observations of the beds
and of the quantity of leaves washed ashore. Quantitative data are
available from only a few small areas (Zimmerman, Feigl, Ballantine, and
Humm; Ballantine and Humm; in:Baird et al., 1972) and are not adequate
for interpolation to include large areas.

A fourth species, Halophila engelmannii Ascherson in Neumayer, occurs
in the beds mixed with Thalassia, presumably in relatively small quantity.
Here again, the presumption may be erroneous as no quantitative data are
available. A fifth species, Halophila baillonis, is known only from
deeper water north of Tampa Bay and apparently does not occur in the beds.
It forms, presumably, small patches at depths of eight to thirty meters
but apparently no one has studied it in the Gulf of Mexico..

A sixth species, Ruppia maritima L., is present off river months,
especially in beds of Halodule wrightii, but also mixed with Thalassia.
It is not a true seagrass as its normal habitat is fresh water; however,
it extends into the sea in places as it can tolerate considerable
salinity.

The seagrass beds between Tarpon Springs and Port St. Joe are proba-
bly the most important community of the inner shelf in basic productivity.
Apparently they far exceed the basic productivity of phytoplankton in the
area they occupy, perhaps several thousand square miles of inner shelf

149

anyv



_bottom. Their ecological importance, however, is not only their basic
productivity: they also provide what may be an essential environment for
many species of invertebrates and fishes, including some of economic
value in both sport and commercial fisheries.

Our lack of knowledge of these seagrass beds is appalling, especially
in view of the impending oil production activity that will soon begin
near their habitat. It was only as receantly as 1956 that the writer
(Humm 1956) reported the essentially continuous occurrence of these sea-
grasses around the coast of the northern Gulf of Mexico, (except where
inhibited by river discharge) in response to the statement in Gulf of
Mexico, Its Origin, Waters and Marine Life, page 194, (Thorne, in
Galtsoff (Editor) 1954) "The apparent rarity of marine spermatophytes
except Ruppia on the northern Gulf coast between Bay County, Florida,
and Aransas County, Texas, may be significant."

We should determine if currently available aerial photographs pro-
vide the optimum through-water visibility and whether they will show the
outer, deepest margin of the seagrass beds. If available photographs are
not adequate, we should undertake new aerilal photographing at the earliest
possible moment, to be followed by ground-truth studies and sampling in
order to provide data on biomass, species composition, and density. Some
of this work must be done by means of underwater vehicles. Growth rates
of the seagrasses should be determined at all seasons, and methods of
reproduction studied. Thalassia, for example, produces seeds in abundance
among the Florida Keys and the Bahamas, but apparently does not produce
seeds in the northern Gulf.

We should determine the hydrocarbon and heavy metal content of sea-
grass leaves, beginning immediately in order that data will be available
to permit detection of any significant increases. A portion of the sea-
grass leaves enters the marine food chain leading to commercial fisheries
species. -

We should determine the significance of these vast seagrass beds as
nursery grounds, and we should determine the abundance and significance
of the algal epiphytes that occur on the leaves, as these plants con-
tribute a great deal to basic productivity of the area and also serve
as food for animals.

It is of major importance that studies of the seagrass beds nearest
the presently designated drilling sites begin at once.
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La‘ienihic'?iigtc in the Esstern Gulf of Mexico

. Sylvia A. Earle
Los Angeles County Museum
~ Los Angeles, California

The submarine meadows of seagrasses and algae in the eastern Gulf of
Mexico represent one of Florida's greatest assets, and also one of her
best kept secrets. Few citizens know of their existence, and of those
vho do, most take them for granted. They therefore may be lost or damaged
inadvertently before their true significance is known. Like the seemingly
endless forests that greeted early settlers in North America, the sub-
marine meadows bordering Florida's west coast greet us now--a nearly pris-
tine, primitive wilderness. The greatest value of this wilderness is not
in the potential of a harvestable crop, nor because of spectacular beauty.
Rather, the significance is more subtle. Much remains to be learned
before the true significance of the benthic vegetation can be evaluated,
but some aspects are obvious based on existing knowledge. Biologically,
they are important because they supply two basic needs for numerous marine
animals in the Gulf of Mexico: food and shelter.

Primary productivity in the ocean is frequyently evaluated only in
terms of phytoplankton, a valid approach in areas where few benthic plants
occur, but not valid in the eastern Gulf of Mexico where the continental
shelf is broad and shallow, providing a vast ares appropriate for attached
vegetation. Few studies have been made on the productivity of benthic
plants in the Gulf of Mexico (Earle, 1972a), but enough has been done to
demonstrate that the role of benthic seagrasses and algae is considerable.

"Direct consumers of benthic plants include numerous invertebrates
such as polychaete worms, molluscs, sea urchins, sea turtles, and a
great number of tropical fishes. Randall (1967) examined 212 species of
West Indian fishes, most of which occur in the Gulf of Mexico, and found
59 species in 16 families that had eaten a total of 125 species of benthic
plants. Three families were found to be almost entirely herbivorous
(Scaridae, Kyphosidae, Acanthuridae). When plants die and disintegrate,
additional hosts of detritus-feeding invertebrates are provided with food.
The basic material produced by benthic plants fans out through food chains
as herbivores are eaten by carnivores, and consumers become consumed.
Humans are a part of this chain with an interest economically and gastro-
nomically in omnivores such as shrimp and carnivores including lobsters,
snappers, groupers, and numerous other commercial and sport fishes.

Benthic plants are also significant, biologically, because they pro-
vide substrate for epiphytic algae (Humm, 1964) and sessile invertebrates,
and shelter for numerous mobile animals.

The geologiéal significance of benthic plants also warrants careful
evaluation. Certain algae, such as Halimeda, Udotes, Rhipocephalus,
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Corallina, Jania, and Lithothamniun, precipitate calcium carbonate from

sea water. These plants contribute to the formation of calcereous rubble
as well as fine sediments, and some species may make up much of the sub-
stance of "coral" reefs.

The possible effects of petroleum on benthic plants may be considered
in two categories, chemical and physical.

Chemical Effects. With extensive offshore drilling in the eastern
Gulf of Mexico, it is expected that additiocnal hydrocarbons will be
released into the marine environment. It is important to know what
effects these hydrocarbons will have on marine plants, but in fact, this
information is not known. We should find out what will occur with changes
in the hydrocarbon content of these plants and what will be the signifi-
cance of these changes on herbivores, the animals that eat herbivores,
and ultimately, on human consumers.

Physical Effects. The physical impact of oil spills on submarine
meadows, salt marshes, and mangroves should be considered and methods to
cope with such spills in shallow water should be developed before they
happen. Perhaps plants will regenerate through a blanket of oil; perhaps
they will not. Such information should be known. If muds used in drill-
ing are released directly into the surrounding water, on what will they
land? Will it reduce the level of subsurface solar light? If so, how
much? To what effect? As platforms are installed, what disturbance will
result? Will the effects of extensive offshore construction be long-range
or ephemeral? Will the construction of numerous offshore platforms have
certain benefits for marine life comparable to artificial reefs, that
will offset construction damage? Such questions should be answered with
all possible speed.

To evaluate the changes that may occur in the eastern Gulf of Mexico
because of proposed drilling and platform construction, it is necessary
to have baseline information for comparison. Much is known about the
benthic plants in the Gulf of Mexico, yet much remains to be learned about
their distribution, ecology, and basic biology.

More than 350 species of algae are known to occur in the eastern Gulf
including 97 Chlorophyta, 52 Phaeophyta, 30 Cyanophyta, and 6 species of
seagrasses (Earle, 1972a). Some, such as the deep-water green alga,
Anadyomene menziezii (Humm, 1957) may occur to the limits of the conti-
nental shelf, although most benthic algae occur in less than 30m depth,
and most sea grasses in less than 10m. Because the continental shelf is
broad, with a gradual seaward slope, the area where attached vegetation
may occur is vast.

Many think the term "estuary" is appropriate only for semi-enclosed
areas at river mouths, but there is some justification for regarding the
northeastern Gulf of Mexico from Apalachee Bay to the vicinity of Tampa
Bay as one gigantic estuary. Freshwater runoff from numerous rivers and
offshore freshwater springs reduces salinity over wide areas. Along the
shore, an intricate network of submarine meadows and salt marshes merge.
Extensive beds of attached Sargassum thrive at river mouths, and may
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occur several miles offshore. For example, six miles offshore from the
mouth of the Homasassa River Sargassum has been observed growing on lime-
stone in less than 2m depth.

To properly assess new environmental influences, it is necessary to
be aware of existing factors that affect the occurrence of growth of
plants. Light, temperature, salinity, substrate, nutrients, and grazers
are among the known factors affecting marine plants. Temperature has the
most obvious impact on broad patterns of algal distribution. In inshore
waters in the Gulf of Mexico, temperatures may range from 0°C to more
than 32°C (Earle, 1969), and a pronounced seasonal change occurs in the
algae, with temperate species prominent during the winter months, and
tropical species apparent during warm months. Offshore, temperatures
fluctuate less and a year-around tropical flora is maintained even in the
northern Gulf,

What plants occur where is also determined by the kind of substrate
present. Some require a hard substrate, such as rock (or the pilings of
a platform); others, including seagrasses and several species of green
algae, most commonly grow in soft substrates, and are important as stabil-
izer. Still others are normally found growing as epiphytes on seagrass
or other algae.

The impact of grazing fishes and invertebrates on the distribution
and composition of the vegetation in a given area has recently been evalu-
ated in several tropical locations (Randall, 1961; 1965; Earle, 1972b) but
no concentrated study has yet been made in the eastern Gulf. Herbivores
occur in abundance, and, by inference from studies elsewhere, undoubtedly
affect the distribution of plants in certain areas, particularly where
grazers are concentrated.

Recommendations

Although there is some basic information about the benthic plants in
the Gulf of Mexico, it is necessary to know about the vegetation in rela-
tion to the proposed offshore wells. First, there must be additional
baseline information. This should include studies to further determine
the seasonal behavior of benthic plants, expecially in offshore areas,
particularly in the vicinity of the proposed wells. These data then can
be compared with seasonal behavior after the wells are active. To obtain
information about the overall occurrence of attached plants in the east-
ern Gulf, there should be extensive aerial photography supplemented by
diving at selected sites to verify and amplify the aerial data. Once
the extent of the vegetation is documented (including seasonal changes),
it will be possible for the first time to obtain a meaningful evaluation
of the productivity of benthic plants in the eastern Gulf.

Information on hydrocarbons, and the changes through time, should be
recorded. Reactions of the plants to these changes should be evaluated.
Physical alterations in the environment should be monitored and the
impact assessed.
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1o implement these studies, stations should be established to gather
physical, chemical, and geological data, and to study selected species on
a continuing basis. Permanent stations for long-term monitoring are
essential for meaningful evaluations. When possible, there should be
simultaneous collecting and observations of plants and animals at these
stations, coordinated with chemical, geological, and physical oceano-
graphic work. To cover wide areas for observation and photography, sub-
mersibles can be used to good advantage. Ultimately, offshore underwater
laboratories, such as the simple but highly effective HYDROLAB might be
established in the vicinity of certain wells to gather intensive environ-
mental data. The methods for environmental assessment are available and
the need is obvious. Now comes the work.
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Benthic Invertebrate Communities of the Eastern Gulf of Mexico*

William G. Lyons
Florida Department of Natural Resources
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St. Petersburg, Florida

Sneed B. Collard
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Pensacola, Florida

Although a number of studins of benthic invertebrate groups, or com-
munities of such organisms, have been published from various areas of the
Eastern Gulf of Mexico, few attempts have been made to pull together in-
formation necessary to understand distributions and relative differences
of these communities. The first major attempt was "Gulf of Mexico, its
origin, waters, and marine life" (Galtsoff, 1954). While it contains
some very worthwhile studies, in retrospect many of its papers have proven
highly inadequate. Whatever its merits, it was ‘an up-to-date summary
of existing knowledge when published.

After this collection of papers appeared, nearly twenty years passed
before the State University System Institute of Oceanography (SUSIO)
called together a group of specialists to produce a synthesis of opinion
regarding the location and composition of dissimilar hydrobiological
zones of the Eastern Gulf. From these meetings have come at least three
very impressive compendia integrating existing knowledge of physical and
chemical oceanography, geology, climatology, and biology to bring us an
up-to-date "Summary of Knowledge" of these various zones. It is our
opinion that, if this were a competitive endeavor, the biologists lost.

The task of these biologists was to pull together existing informa-
tion, primarily from published literature, to produce this summary. For
some, information was both available and comparable, and is reflected in
their reports. The benthic invertebrate report for inshore, estuarine
areas is far better than comparable information of 20 years ago. How- .
ever, accounts of offshore shelf communities are nowhere as definitive,
because much of the needed information has not been analyzed or published.

This does not mean that collecting trips have not been conducted
nor observations made. Though certainly not to the degree of accessible
inshore locales, offshore areas are being and have been studied, both by
conventional collecting techniques and, in accessible areas, by scuba.
Despite several thousand such collections, we have yet to see published
a species list of the collective contents of a single dredge haul, much
less attempts to pull together information from many such collectionms.
The few published scuba observations are not adequate to define these

*Contribution No. 233, FDNR/MRL
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invertebrate communities. Sponges and :-orals have long been acknowledged
as very important basic constituents o' allegedly highly diverse Eastern
Gulf Shelf communities, but no serisus attempt has been made to adequately
define composition or dynamics of such -ormunities.

This treatment of benthic invertebrates of the Enstern Gulf of Mexico
follows that of Collard and D'Asaro (1973), in that a community approach
is used to divide the region into recopnizable biotopes defined by change
in species composition. However, some divisions differ from those of the
previous authors. These are related principally to subdivisions of the
shelf fauna resulting from more thar eight years of observations by one
of us (WGL) on materials collected during the Hourglass Project and other
West Florida Shelf programs.

Biological and geological fact~r3 dictate that the Eastern Gulf
Shelf arca be divided into two subr2sions, the Mirsinsippi-Alabama Shelf
extending from the eastern Mississiini Delta tc¢ Cape San Blas, and the
West Florida Shelf extending from Cupe San Blas southward to the Florida
Keys. Subdivisions of these subregions, except estuarine and slope
faunas, will be discussed separately. Physical and biotic characters
serving to subdivide the subregions are hereafter discussed beginning at
the land-water interface and proceeding ever deeper to the base of the
continental slope. Collard and D'Asaro have summarized factors control-
ling composition of benthic invertebrate communities of the region.
Briefly, these amount to temperature, salinity, substrate, wave action,
and nutrients. Each factor is very important, and it is differences in
these factors that create differeat communities.

Estuaries

The single category "Estuary" contains much of the first four of
Collard and D'Asaro, 1. e., "Low Salinity Communities," "Oyster Reef
Communities,”" "Oyster, Mangrove and Hard Substrate Communities,' and
"Bays, Channels, and Sounds." “The authors also recognized various sub-
divisions within most categories, based on salinity, temperature, veg-
etation, and substrate.

It is sufficient here to state that these areas, located along most
of the Eastern Gulf coast, are characterized by salinity gradients gen-
erally ranging from O to ca. 34 9/oo, with broad fluctuations caused by
rainfall (or lack thereof), tides, and other factors. Temperature fluc-
tuations are usually much greater than in other marine environments.
Substrates may vary considerably, both within a single estuary and be-
tween estuaries. Nutrient values are generally higher than in other
marine environments.

Of these factors, perhaps temperature and salinity fluctuation and
high nutrient values are most characteristic in separating estuaries
from other marine communities. However, substrate and vegetation are
just as important in determining composition of communities. All fac-

_ tors are, to some degtee, interrelatecd.




A remarkably high number of benthic invertebrates are adapted to
exist under the rigorous conditions of Eastern Gulf estuaries. Cooley
(ms) has listed more than 500 species in the Pensacola Bay area, Menzel
(1971) has noted at least that many estuarine species in the Alligator
Harbor area, and certainly more than 600 species occur in the Tampa Bay -
estuarine system (Taylor, 1971; Hall and Lyons, ms; other unpublished
data). Much of the Florida West Coast may be considered "ecotonal” be-
tveen the temperate Carolinian and tropical Caribbean zoogeographic prov-
{nces. Such areas, generally high in species diversity, result from
occurrence of hardier types frem each province. Constituents of both
provinces occur throughout the area, although naturally more species of
temperate affinity are found in the north and more of tropical origin
occur in the south. There is also a small Gulf endemic element. However,
mpost estuarine species are not easily assignable to any of these cate-
gories. Instead, as noted by Lyons et al. (1971), they belong to a
broadly ranging, eurytolerant group found at least from North Carolina to
the southern Caribbean. Broadly fluctuating salinities and, to an extent,
temperatures, are characteristic of habitats through much of their range.
They are the basic elements of most estuaries, while the "provincials"
and endemics, more sensitive species, serve to characterize individual
estuarine differences. These subtleties result in "northern" ,and "south-
ern" communities.

e

A. Llow Salinity Communities (Marshes and Deltas; Marshes and Man-

grove Swamps): Each of these is characterized by low salinity and or-
ganically rich sediments. Mangrove communities are dominant in the south

but entirely absent in the north, primarily due to low temperature intol-

erance. Spartina-Juncus marshes occur extensively in the north, but much

 less so in the far south. Both occur south of Cedar Key, but with man-
groves increasingly dominant to the south.

B. Oyster Reef-Hard Substrate Communities: This is the major ses-
sile invertebrate cormunity of Eastern Gulf estuaries. It is based upon
Cragsostrea virginica throughout the region, but widely diverse tempera-
tures and salinities dictate different species associations at different
localities.

C. Bays, Channels, Sounds: Though still characterized by broadly
fluctuating salinities and temperatures, overall mean values may be
higher than in the previously mentioned areas. These factors are still
important in determining local species composition, but substrate, veg-
etation, and depth are also major factors. '

Substrates may vary from muds, terrigenous sands, and mixtures
thereof in the north to vegetable debris and calcareous sands in the far
south. Terrigenous sands are not important south of Cape Romano.

Quartz sandshell mixtures dominate most of west Florida, but muds become
important west of the Apalachee Bay area.

Pure or mixed stands of seagrasser occur in eétuaries throughout

the region. Species include Thalassia, Syringodium, Haledule, and
Ruppia. Two species of }alophila are less common. Most of these
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grasses reach their greatest densities in’ estuari~s, but in this area
are generally limited to depths lesr than 2 m because of poor light pen-
ctration. This leaves greater estnarine depths as non-vegetated sub-
strate inhabited by specics not tied to a "grassbed" existence.

Aside from oyster reefs and grassbeds for epiphytes, most estuarine
substrate may be characterized as "soft." Because "hard" substrate is’
rare to nonexisteat in the Carolirian Province, there are few "hard"
substrate Carolinian species. It seens, thercfore, that except for cer-
tain grassbed or oyster rcef specie~, Eastern Gulf estuaries have been
surrendered to "soft bottom" Carolinian species by default. Exceptions
may occur where introduced objects such as pilings or jetties provide
setting space for Caribbean species, hut even thase objects are usually
occupied by species from oyster r2:¢ or grass c.niunities.,

Generally, estuaries are herein -onsidcred as coastal invaginations,
_often separated from the Gulf of Mexj-o by barriev islands. However, cer-
tain shallow offshore areas of low wuve energy display typical estuarine
characteristics. These include extensive shorelines from Apalachee Bay

to the Anclote Keys and, further south, the Ten Thousand Islands area
from Cape Romano to Cape Sable. These seem to represent estuaries imter-
grading directly into shallow shelf communities.

West Florida Shelf

The following delineations (Figure 1) are based upon observed faunal
wvariation in more than 700 dredge and trawl tows from the Hourglass pro-
gram, supplemented by many comparable collections and some scuba observa-
tion in other areas of the shelf. The degree of faunal change is the
criterion used for suggesting separations. Obviously, each zone inter-
grades into its neighbors without sharply defined boundaries, and areas
of intergradation are difficult to categorize. Nevertheless, central
areas of these zones seem distimctive. GCeological and hydrological fea-
tures coincident with the zones are suggested as basic factors of com-
munity composition. Suggested depths for each zone are mean estimates;
these depth limits may vary scmewhat in response to geologic and hydro-~
graphic variation.

1. Shoreward Zone (0-10m): This zone is defined as the area extending
from the land-water interface to depths of approximately 10 m. The lat-
ter is the mean depth where rocky outcrops become important substrate
elements along much of the Florida west coast. Salinities fluctuate
several parts per thousand in response to runoff from nearby rivers and
bays. Temperature variations are nearly as severe as in adjacent es-
tuaries. Nutrients are generally quite high. Four subdivisions are
proposed for the shoreward zone.

A. Ten Thousand Islands: Extending northward from Cape Sable to
Cape Romano, this area is characterized by grassbeds and scattered sand
bottom blending the mangrove estuary smoothly into the offshore rocky
‘communities. Many shallow water tropical species from the Keys occur
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here, especially in grassy portions, but many temperate species are also
common, especially in sand cummunities. Beaches are scarce.

B. Coastal Barrier Islands: Moderate wave energy beaches of quartz
sand and shell fragments are the dominant rhoreward feature of this zone
vwhich extends northward to Anclote Key. Bottom composition is also
largely of these materials, with little hard substrate except dead shells
of large mollusks. Seagrassen are scarce to absent. The quartz-shell
gsediments actually extend far to sea off Tampa Bay and the Charlotte
Harbor area. In the latter area, influence of these sediments is quite
strong in the next seaward zon~, and possihly even beyond. Large temper-
ate mollusks and echinoderms are characteristic faunal elements. Species
diversity is generally lower than in adjacent estuaries or offshore areas.

C. Big Bend Area: This nay be best defined as a huge, seagoing es-
tuary extending from near Ancl~te Key to the vicinity of Alligator Harbor.
Oyster reefs are common parell~l to the sno~e, and vast beds of seagrasses
are characteristic of the arca. A thin v-neer of quartz sand and organic
debris overlies the limestone plateau of the Ocala-Middle Ground Arch.
Occasional limestone outcrops protrude through this veneer to provide
hard substrate. Species composition is predominantly the same found in
estuarine seagrass or oyster reef communities. The shoreline receives
only low energy waves.

D. Cape San Blas Area: Mnderate wave energy quartz sand beaches
are characteristic of the area from Alligator Harbor, and comparably
composed sediments extend some distance offshore. The fauna is similar
to that of the Coastal Barrier Islands area in that it is predominantly
"a temperate sand community. Most common species are represented in both
areas.

2. Shallow Shelf (10-30 m): This is the first major zone of tropical
species intrusion into the Eastern Gulf. Rock substrate allows establish-
ment of many scleractinian, alcyonarian, molluscan, crustacean, and other
invertebrate species common in shallower waters in the Florida Keys.

Sand dwellers are represented by some species from more inshore waters

but with many tropical species as well. Sediments are still largely of
quartz sands, with increasing percentages of biogenically derived car-
bonates seaward. Overlying green, relatively turbid, coastal waters are
usually well mixed, but cooler bottom waters are often separated by a

low thermocline, especially during warmer months.

3. Middle Shelf I (30-60 m): Two apparent physical characters separat-
ing this zone from the shallow shelf are widespread carbonate sediments
and an overlying mass of blue, offshore water. The intersection of this
water mass with coastal green water is usually very visible in depths of
about 30 m. Widespread rock outcrops are lower in the central and south-
ern portions than on the Florida Middle Grounds, where they may rise 12 m
above the surroynding bottom. Loggerhead sponges, corals, and tropical
algae form communities supporting manv other tropical species. Appear-
ance of many tropical sand dwellers is probably due to largely carbonate
sediments. Communities are highly diverse, containing many more species

161



than found in inshore zones.

4. Middle Shelf II (60-140 m): Few rock outcrops are found in this zone.
Sediments are almost entirely carbonate, being composed of coraline alga
(l.ithothamnion), bryozoan and molluscan fragments; foraminiferal tests
begin to contribute noticeably to sediments. Scattered sponges, bryozoans,
ascidians, and alcyonarians attached to small rocks and shells form the
dominant sessile epifauna. Many small molluscan and crustacean species
are very common. Bottom water temperatures seldom exceed 22°C, are warm-
est in late fall, and are usually distinctly separated from warmer sur-
face waters except during winter when mixing may occur. This zone re-
ceives waters from the Florida Loop Current, and salinities greater than
36.5 ©/oo occur seasonally. The fauna is essentially tropical or trop-
ically derived; some data suggest a small number of endemic northeastern
Gulf mollusks at these depths.

5. Deep Shelf (140-200 m): It is protlematical that a separation exists
between 60 and 200 m. Sediments seem generally similar throughout; nat-
urally water temperatures are depressed and little light penetration pre-
vents most algal growth in deeper waters. Species diversity apparently
decreases in these greater depths, but many species of the Middle Shelf II
zone occur here. Changes in species composition noticeable at about 140 m
in both fish and mollusks prompt designation of this depth as the inter-
section between zones. Pequegnat (1970) noted a number of brachyurans
most common in depths corresponding to the deep shelf zone.

Mississippi-Alabama Shelf

The authors have little direct familiarity with this area beyond the
estuaries and shoreward zone. A major physical feature influencing com-
munity compositions here is proximitv co the nearhy DeSoto Canyon, with
a resultant steeply sloping shelf and nearshore intrusion of oceanic
waters to high wave energy beaches. Mississippi Delta sediments are
characteristic of the area from Mobile Bay westward.

As on the West Florida Shelf, far more collections have been taken
than have been reported; most repocrts consist of individual species
records rather than compendia of collections.

1. Shoreward Zone: Quartz sand is the dominant sediment element to
depths of approximately 20 m from Cape San Blas to near Mobile Bay. The
fauna is characteristically temperate sand dwellers. Many species com-
mon here are uncommon to absent in other Eastern Gulf sand communities.
Moreover, many species found elsewhere in the Eastern Gulf attain larger
sizes in the zone west of Cape San Blas. Jetties and wrecks provide
hard substrate for some tropical species which could not otherwise occur
here. Muds become more important near the Mississippi Delta, with cor-
respondent lowering of the number of species present.

2. Deeper Areas: Faunal zone demarcations beyond the shoreward zone
_ are not clear. Rocky'outcrops first occur commonly off Panama City and
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Destin in about 20 m, but these diminish in number at comparable depths

to the west. A highly diminished tropical fauna occurs on these outcrops.
A zone of calcareous sediments occurs on deeper parts of the shelf, and
even a few limestone reefs are known near the edge of the shelf. Species
from these calcareocus communities are essentially the same as from others
further south, but diversity may be reduced.

As in shallower areas, these sediments merge into sands, muds, and silts
from the Mississippi outfall to the westward. Faunal change and species
diversity reduction accompany this transition to soft bottom communities.

Slope

Calcareous sands give way to foraminiferal sands and muds in this
area where the bottom slopes steeply (200-3200 m) from the shelf to the
Gulf floor. Many species are confined to these depths, forming a charac-
teristic slope fauna. Obviocusly, in so great a depth-span most are not
found throughout, but many do exhibit considerable bathymetric range.
Species diversity of many groups is markedly lower than for shelf zones,
but penaeid and large caridean shrimps and galatheids show their greatest
diversity here.

In summary, benthic invertebrates of the Eastern Gulf are a highly
diverse group with several dissimilar zones of distribution ranging from
the estuaries to the continental slope. Whereas temperature and salinity
fluctuations are limiting factors in estuaries, such values become more
constant offshore. These narrow ranges of fluctuation are important for
the dominantly tropical offshore fauna. Bottom substrates and overlying
vater masses seem to become more critical offshore. The northern lime-
stone base, best expressed at the Middle Grounds, and the southern quartz
sand extensions are contrasting features superimposed upon this basic
scheme. However, differences are nowhere near as absolute as might be
deduced from the previous geological charts. Scattered limestone commun-
ities occur as frequently to the south as do scattered sand communities
in the north. Where these communities are found, species compositions
are essentially the same within 2zones.

Many areas are open for investigation of invertebrate communities.
However, emphasis should be given to the importance of working up the
many collections already made in this region. To repeat some would
merely constitute duplication of effort, and some collections, already
made but not reported, could not possibly be duplicated before extensive
drilling for oil is under way in the Eastern Gulf.
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Introduction/Objectives

The problems with which we are primarily concerned are the study of

the potential effects of oil drilling and production activities on the
environmental quality of the eastern Gulf of Mexico, and the changes in
the marine ecosystem of this area brought about by these activities.

Answers to these problems are urgently needed. The agencies charged

with the management of these areas need an ecological basis for the adop-
tion of appropriate management strategies.

The specific objectives can be summarized as follows:

to establish baseline data for the areas of intensive petroleum opera-
tions and to compare them with data from "undisturbed" areas;

to compare baseline data from the MAFLA drilling sites with data
where drilling/production operations have been going on for many
years (e.g. offshore Louisiana);

to study changes in the ecosystem in the eastern Gulf of Mexico, and
to determine whether such changes are due to natural phenomena, human
activities, or petroleum operations;

to gain a predictive understanding of the changes in the ecosystem
as a result of oil drilling/production operations so that what we
learn from the MAFLA experience can be applied elsewhere.

In my talk I will discuss the potential effect of oil drilling/pro-

duction operations on the marine ecosystem in the eastern Gulf; special
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emphasis will be placed on the effect these oil activities have on the
primary producers, i.e. the organisms found at the bottom of the food
chain. However, before we do so, it would be well to present a brief
summary of our knowledge of primary productivity, phytoplankton, stand-
ing crop, species composition of phytoplankton, and nutrient salts in
the Gulf of Mexico based on the data collected during the past ten years
(1964-73)%,

Of special interest in the proposed phytoplankton investigation are

the detailed studies which were carried out by El-Sayed (1967) between
June 1964 and May 1966 in the northeastern Gulf of Mexico (Figure 1).

During this period, monthly observations of primary productivity, stand-

ing crop of phytoplankton, nutrient salts, and hydrographic conditions

were made at both Stage I and Stage 1I, off Panama City, Florida and 20
additional stations in the northeastern Gulf. The value of these data

stems from the fact that they can be utilized as 'baseline data' where

environmental perturbations have been minimal.

Also of special relevance and significance to the proposed MAFLA
(Mississippi-Alabama-Florida) investigations are the Offshore Ecology

Investigations (OEI) which were carried out off the Louisiana coast (Fig-

ure 1). These investigations, which began in 1972, were to study the
effect of the oil drilling/production on the biota, water chemistry, and
bottom sediments in the vicinity of the oil platforms. Here again, the
data collected during the 0.E.I. can be an invaluable source of informa-
tion for comparison with the data to be collected at the proposed MAFLA
sites (A, B, C, and D in Figure 1).

Based on the data collected by the speaker in the northeastern and
eastern Gulf of Mexico an attempt is made to summarize the state of
knowledge of phytoplankton/zooplankton investigations off the west coast
of Florida (Table 1), and in the northeastern Gulf (Table 2). It is
clear from both tables that there are still enormous gaps in our know-
ledge with regard to the biology, general ecology, seasonal and geogra-
phic distribution, metabolism, turnover rates of the phytoplankton/zoo-
plankton organisms, and the relationship of the hydrographic conditions
on the distribution and abundance of these organisms -- gaps which one
would hope will be filled in before too long.

*The speaker used a series of slides in presenting this summary. These
data have recently been published by the American Geographical Society
(Serial Atlas of the Marine Environment, Folio 22: Chemistry, Primary
Productivity, and Benthic Algae of the.Gulf of Mexico, 1972. An excel-
lent review of the phytoplankton of the eastern Gulf of Mexico was re-
cently provided by Ms. Karen Steidinger (1974) -- SZE).
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Program for Studying Ecosystem Dynamics
of the Eastern Gulf of Mexico

In developing a program to study the potential effect of oil drill-
ing/production activities on the biota of the eastern Gulf, we should be
guided by three important principles:

1. The ecosystem approach should be adopted (see below).

2. The collective research effort should be directed toward
an understanding of the oil drilling/production opera-
tions on the 'state of health' of the ecosystem.

3. The program should be based on well-coordinated, synoptic,
interdisciplinary investigations repeated at intervals and
over sufficiently long periods of time.

Within the framework of these guidelines, there are geographic and
temporal considerations which should be taken into account.

Geographic Factors

a. The program should emphasize investigations in areas of potential
petroleum production as well as non-producing areas in order that
baseline data in both regions be compared. In a study, the objec-
tive of which is to assess the effect of oil drilling/production,
it is8 of paramount importance to compare the data collected at
the drilling/production sites with those in regions with minimal
environmental perturtations.

b. The program should include such diverse regimes as estuaries, near-
shore and offshore sites. '

¢. The program should include studies made along transects between the
selected sites.

Temporal Factors

a. The program should cover a period of two years; this period is to be
regarded as the minimum time interval in which meaningful results
can be obtained. Naturally, longer periods are preferred in order °
to study the effect of natural phenomena on the ecosystem.

b. Hurricanes, storms, unusual river discharges, etc., may overshadow
even the most catastrophic impact of man's activities; the effect of
the unusually high flood of the Mississippi River in Spring 1973 is
a case in point (El-Sayed, unpublished).

c. Each sampling -site should be visited once a month, or a minimum of

two visits per season, in order to study the seasonal variations of
the physical/chemical/biological parameters.
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Elements of the Structure and Function of the Ecosystem
As was pointed out above, the ecosystem approach should be strongly
endorsed. Listed below are the elements of the structure and function
of that ecosystem which need to be studied.

The Physical/Chemical Milieu

a. Solar radiation/spectral quality of light in water; temperature;
salinity; oxygen; surface and bottom currents (direction and veloc-
ity); total suspended particulate matter (turbidity), etc.

b. Inorganic and organic nutrients; vitamins; selected toxic metals;
trace elements

The Biological Setting
a. Benthic algae, seagrasses, mangroves and phytobenthos
b. Phytoplankton
¢. Bacteria, marine fungi
d. Zooplankton
e. Benthic invertebrates
f. Fishes/mammals/birds
Ecosystem Function
a. Rate of carbon fixation (by primary producers)
b. Rates of turnover -
¢. Metabolic studies (microbial respirationm, crustacean metabolism, etc.) -
d. Transfer of energy through the ecosystem
Objectives for the Study of Primary
Productivity in the Eastern Gulf of Mexico
1. To measure primary productivity at the designated drilling sites
(rate of photosynthesis is a sensitive index of the effects of en-
vironmental changes on phytoplankton)
2. To estimate the standing crop and biomass of the phytoplankton

3. To determine species composition, population density, and diversity
indices of phytoplankters

4. To determine seasonal (or monthly) variations in the productivity
- parameters
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5. To determine nutrient chemistry (PO4, S103, NO2 and NH,); particulate
and dissolved organic C, N and P; vitamin By, biotin and thiamine;
and their effect on rates of primary production

6. To correlate the productivity data above with depths of pycnocline,
stability of water column, areas of upwelling, etc.

7. To determine possible use of phytoplankton species as 'indicators'
of changes in their environment

The proposed phytoplankton and zooplankton investigations outlined
above are but one facet of well-integrated biological, chemical and phys-~
ical programs which one hopes to see developed for the MAFLA investiga-
tions. It is critical that the biological system be approached as a sin-
gle functional unit. The synthesis of the above-mentioned studies, to-
gether with the contributions of allied and related studies, should pro-
vide us with a comprehensive picture of the primary and secondary pro-
ducers in the eastern Gulf, and of the factors which regulate production
of these two important trophic levels.




Table 1

Summary of State of Knowledge of Phytoplankton/Zooplankton
Investigations off West Coast of Florida

Excellent Good Fair Poor Remarks/Needs
Solar Radiation/ X Badly needed for pri-
Light Penetration mary productivity
studies.
Phytoplankton X Need for more geograph-
Standing Crop ical and depth
Primary Production X studies.
Nanoplankton X Significance in primary

productivity should
be assessed.

Diatoms (Species X Endemic vs 'visitors'
Composition) (Caribbean) should

Dinoflagellates X be determined.
(Species
Composition)

Seasonal Studies X Need to study seasonal

succession; seasonal
variations in produc-
tivity parameters

and nutrients.

Inorganic Nutrients X Rates of uptake and
P.0.C. and D.O.C. - X regeneration of
Vitamins and X these nutrients are
Trace Elements totally lacking.
Relation to X Future studies should
Hydrography emphasize influence

of Loop Current, Riv-
er Discharge, etc.

Phytoplankton/Zooplankton X An almost untouched
Relationship field.

Zooplankton X
Standing Crop

Species Composition/ X
diversity ~Badly needed data

Metabolic Studies, X
Estimation of -
Secondary Production
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Table 2

Sumnary of State of Knowledge of Phytoplankton/Zooplankton
Investigations in Northeastern Gulf of Mexico

Excellent Good PFair Poor Remarks/Needs

Solar Radiation/
Light Penetration

X

Phytoplankton Data on hand can be
Standing Crop used as baseline

Primary Production X data.

Nanoplankton X Significance in produc-
tivity should be
assessed.

Diatoms (Species X

Composition)
Dinoflagellates X
(Species Composition) °

Seasonal Studies X Monthly observations
available between

Inorganic Nutrients X May 1964-April 1966.

P.0.C. and D.O.C. X

Vitamins and
Trace Elements
Relation to X Effect of Loop Current,
Hydrography Miss. discharge
should be studied.

Phytoplankton/ X Feeding selectivity

zooplankton and contributions

Relationship of grazers to nu-
trient regeneration
should be studied.

Zooplankton x )

Standing Crop
Species Composition/ X

Diversity |, Badly needed data.
Metabolic Studies, X

Estimation of -

Secondary Production
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Biological Indicators of Oceanographic Phenomena*

Herbert M. Austin
New York Ocean Science Laboratory
Montauk, New York

Introduction

The basic analytic tools of the physical oceanographer during the
past 50 years have been the measurement of the spatial characteristics
of density fields in the ocean for computing relative current velocities,
and the use of Helland-Hansen's T-S diagram for characterizing water

masses; however It has become apparent that a water mass, as defined by
these techniques, may also be a unique ecotope.

Many forms of plankton have been shown to be useful water mass indi-
cators in specific circumstances (Pierce, 1952; McGowan, 1960; Jones,
1968; and Austin, 1971). Most studies of this nature have been completed
at the mega-scale level, that is, across major oceanic fronts such as the
Antarctic and Arctic Convergence Zones. The application of bio-indicators
to delineate more sensitive elements within a given current system has
only recently been developed. Boltovskoy (1968) has found two distinct
surface foraminiferal assemblages off the coast of Brazil. The measured
physical properties of the area were nearly homogenous. He suggested
that the micro-organisms were more sensitive to the finite variations in
the sea than man's most advanced oceanographic instruments.

Sverdrup, Johnson and Fleming (1942) proposed several criteria for

selecting an organism for use as an indicator of oceanographic conditions.
These conditions include:

1. The need for accurate identification of all species, subspecies,
and (author's addition) environmentally induced morphologic vari-
ations.

2. Knowledge of geographic (and environmental) range of each species.

3. Time and depth of reproduction and morphological stages during
life cycle of each species.

4,

Knowledge of the extent to which a species may extend its normal
range by vertical migration.

-

*Contribution No. 25, New York Ocean Science Laboratory
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5. Distinction should be made between animals from an outside source
and animals which develop within localized areas when conditions
approximate those of the outside area.

6. Animals cominé'from'd common area are more valuable than strays.

To these, Boltovskoy (1965) has added: .,
7. There should be a suffieient number so as to offer the possibil-
ity of using statistical methods.

In addition to those listed above, Myers (1967) included:

8.. Organisms should be of sufficient size to facilitate rapid hand-
ling and identification. , = ,

'9;Q Populations should be in sufficient ooncentrations to.assure'
capture within the optional.geographic range.. ;

Tl e . PR |
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Certainly these criteria shonld be'éonsidered, where possible, when
one is cansidering, indicatar organisms for baseline.OCS studies on the
West Florida Shelf. Thecbasic criteria apply, whethet one is investigat-
ing natural oceanic phenomena or perturbations such as ail spills. - For
the purpose of this.report(and conferencq/workshops) we. are. confining our-
selves to the eastern Gulf of, Mexico--notf.the geographic eastern Gulf, .
but the oceanographic eastern Gulﬁ.q w o L3gm s

In th;a paper specific examples of biological indicators of physical
or chemical ogeanagraphic. phenomena will be presented; they will be lim=
ited. however to pelagic 1ndicators.- Benthic indicators of substrate type,
overlying water masses, or tidal_regimen are not considered here although
they have been demonstrated to be excellent indicators of climatic condi~
tions. . RN URS R ot S R S T T ST Tt

The pelagic indicators are dynamic and four dimentional. (spatial =
X, y axes; vertical = z axis; and temporal = t). An entire food web or
ecotope can be t;ansported hundreds. of miles in days. ;

MR VRN S vas I TR R

Discussion

- Caribbean waters: Past investigators have recognized the presence
of Caribbean waters in the Gulf.of-Mexico by the distxibution of tempera-
ture and salinity. Stakiv (1968) has demonstrated. that the surface com-
ponent of the Caribbean-derived Eastern Gulf Loop Current (Nowlin and
McClellen, 1967), can be delineated by the distribution of sea-surface
temperatures. This was true during the ‘May 1970 EGMEX~70-1- cruise ser-
ies at which time the surface velocity core could be defined by the area
between the 25° and 270C isotherm (Figure 1).

It would hold then, that the water of shortest time away from the
Caribbean would be found in the velocity core, and that here one would
expect to find its Caribbean components. Jones (1964, 1966) from an
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analysis of Caribbean Foraminifera, found that the dominant species was
Globigerinoides trilobus, and indeed, G. trilobus was found in greatest
concentrations in the region of the geostrophic velocity core (Figure 2)
(Austin, 1971). i

The significance of this is that the presence of substantial numbers
of G. trilobus (> 500/1000M3) indicates that the water is of recent Carib-
bean origin.

Regions of Upwelling: The active transport of deep layer waters to
the surface can result in the passive transport of deep water species or
forms of plankton into the surface layers. Vertical transport is gener-
ally slow enough so as to permit these forms to migrate vertically, remain-
ing in their optional strata; some taxa, however, either cannot (Foramini-
fera and phytoplankton) or do not (Chaetognatha and Pteropoda) so migrateé.

The tropical Foraminifera species Globigerinoides ruber occurs in
two forms: a pink, or warm water form; and a white, or colder water form
(Bé, 1959). The vertical distribution of these two forms, studied in the
Caribbean by Jones (1964, 1966), has shown a depth differentiation between
pink and white forms with pink predominating in the surface waters and
white in the deeper waters. The normal white distribution in the Loop
Current during May is 40-100m (Austin, 1971) and during summer below 100m
(Williams, 1972). i

A deformed form, G. ruber pyramidalis, has also been reported by
Berger (1970). This form is also referred to as a variant or "Kummerform"
(monster form). These Kummerforms are only found in areas of oceanographic
transition. During May, 1970, Kummerform pinks and a predominance of
wvhites (>90%) over normal pinks were collected along the area of the West
Florida Shelf and Campeche Banks where, from examination of the physical
data (Austin, 1971, pp. 101-104), upwelling was believed to be occurring.

In this same region an intermediate depth pteropod, Peracles bis-
pinosa, normally collected between 150 to 250m, was taken only in the
surface waters (Figure 3).

Subtropical Underwater: The Subtropical Underwater is a tongue of
high salinity waters (36.60-36.902) at intermediate depth (80-220m) that
enters the Gulf of Mexico through the Yucatan Straits, follows the Loop
Current, and exits the Gulf through the Straits of Florida. Through its
transit of the Gulf it can be found below and to the right of the velocity
core. In addition to its high salinity waters it can be characterized by
a paucity of both pteropods (Figure 4) and Foraminifera in waters where
the salinities exceed 36.50%.

Entrainment of intermediate (75-150m) western Gulf waters into the
Eastern Gulf: During its spring intrusion the Loop Current is generally
contained within the eastern Gulf, held there by a "cold ridge" (Leipper,
1970; p. 641) which segregates the waters of the west and east Gulf. 1In
May 1970, during the spring intrusion, isobaths of the depth of the 22°C
isotherm were closed, showing the typical Loop configuration. Isobaths
of the 18°C isotherm were, however, open to the west; and in the region
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where a return flow would be expected, concentrations of the foraminifera
Globorotalia crassiformis ()500/1000H§), not normally encountered in the
eastern Gulf, were collected (Figure 5). Their distribution, coincident
with this possible return flow, indicate that indeed waters from the west-
ern Gulf were being entrained into the deeper Loop Current.

Advection of pelagic Loop waters onto the West Florida Shelf: Summer
conditions on the West Florida Shelf are typified by a stratified water
column with warm, low salinity waters of generally inshore origin over-
lying the cooler, more saline waters of offshore origin. During winter
the water is usually isothermal and cooler than the offshore waters,
although offshore waters remain more saline (Austin and Jones, 1974).

Williams (1972) has shown that species of pteropods, diagnostic of
the offshore Loop Current, can be used to trace pelagic water as it is
advected across the shelf. Figure 6 shows the relationship between tem-
perature, salinity, and the percent standing crop of Limacina trochiformis
during a 24-hour anchored station at 28931'N, 84°19'W on the Florida
Middle Ground during summer conditions. From this, one should be able to
trace waters of Loop current origin as they advect and mix well in/over
the shelf. 1In fact, Austin (1971, p. 62) found an "eddy" of L. trochi-
formis in the lower salinity waters near the west Florida coast north of
Tampa. This "eddy" undoubtedly represented a 'residual' population
advected into the nearshore water from the Loop Current. The significance
of this is that pelagic water can be traced in/over the shelf and followed
even after the temperature and salinity, measured by standard methods,
have lost their pelagic identity.
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Legende to Figures
Sea surface temperature during Leg II, EGMEX-70-1, May, 1970.

Surface standing crop (No./10003) of Globigerinoides trilobus

during EGMEX-70-1, May, 1970.

Vertical section of standing crop of Peraclis bispinosa during

Vertical section of salinity and standing crop (No./1000u3) of
pteropods during EGMEX-70-1, May, 1970 (Austin, 1971).

Depth of the 18°C isotherm during EGMEX-70-1 (May, 1970), and
standing crop of Globorotalia crassiformis coincident with the
depth of the 18°C isotherm (from Austin, 1971).

Vertical section (depth vs. time) during a 24 hour anchored
time series.
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Research on Eggs and Larvae of Fishes in the
Eastern Gulf of Mexico

Edward D. Houde
Rosenstial School of Marine and Atmospheric Science
University of Miami
Miami, Florida

Introduction

In addition to being interesting biological material, the eggs and
larvae of fishes are studied by fishery scientists for practical reasons.
Abundance and distribution of the early life stages reflects the distri-
bution and abundance of adult spawners in a given area. Spawning seasons
and areas can be determined. If seasonal surveys are carried out, migra-
tions of adults that spawn over long time periods can be examined. Egg
and larval stages are the most delicate in the life of fishes and year
class strength is thought to be fixed during those stages.

It frequently is easier to study eggs and larvae than juvenile or
adult fishes because there is relatively little avoidance of collecting
gear by eggs and larvae. Plankton nets are effective samplers for eggs
and larvae of most marine fishes because the early life stages usually
are pelagic, and most individuals are found in the top 100 m of the water
column. Even such demersal fishes as flounders, snappers and groupers
have pelagic eggs and larvae.

Egg and larval surveys can be used to estimate adult biomass in
resource assessment programs, and my research has this goal in the Eastern
Gulf of Mexico. If the mean fecundity, mean adult weight, sex ratio, and
spawning season are known, the adult biomass can be estimated (Ahlstrom,
1968). Because there are many heavily exploited and also some under-
exploited species in the Eastern Gulf, this type of research is valuable
to predict fisheries potential as well as annual fluctuations in abun-
dance. A number of clupeid (sardine-like) fishes are present, but
unexploited, in the Eastern Gulf and these are the immediate concern of
my research. Egg and larval studies should be expanded to include the
commercially exploited fishes such as snappers, groupers, mullets, and
mackerel; gamefish species also could be studied, including dolphins,
billfish and tunas. The possible effects of oil exploration or oil spills
on spawning by these fishes add impetus to the need for research.

-

Historical Aspects of Egg and Larvae Research
in the Eastern Gulf

Prior to 1969 there were no surveys of eggs and larvae that were
designed to determine adult population sizes or fisheries potential in
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the Eastern Gulf. There are several references to eggs and larvae in
literature on zooplankton from the Easterm Gulf (e.g. Dragovich, 1963;
Kelly and Dragovich, 1967). Descriptions of egg and larval development,
and records of occurrence also appear (e.g. Eldred, 1966; 1967; 1968;
1969; 1971). Other literature consists of notes on some phenomenon
associated with spawning or egg and larval stages (e.g. Arnold and Thomp-
son, 1958; Chapoton, 1967; Hettler, 1968).

The Hourglass Project of the Florida Department of Natural Resources
(Joyce and Williams, 1969) provided collections of fish eggs and larvae
from transects off Tampa Bay and Charlotte Harbor on a monthly basis for
28 months during 1965-1967. Descriptions, records of occurrence, and
distribution data have been published based on these collections (e.g.
Futch, 1971; Futch and Hoff, 1971).

Other studies by the Florida Department of Natural Resources have
examined fish eggs and larvae. Wollam (1969) reported larvae of the wahoo
from the Eastern Gulf, indicating that this important gamefish spawns
from collections made in the Eastern Gulf (Wollam, 1970), showing that
both species spawned on the continental shelf off western Florida. g
Dwinell and Futch (1973) collected larvae of king and Spanish mackerel '
from transects in the northeastern corner of the Gulf from June to Octo- .
ber, 1969. ¢

The National Marine Fisheries Service (NMFS) examined some plankton
collections from the Eastern Gulf to determine distribution and abundance
of menhaden eggs and larvae as part of their life history studies. Turner
(1969) reported spawning centers nearshore during winter in the north-
eastern Gulf and near Charlotte Harbor off southwest Florida. Gulf men-
haden eggs and larvae were most abundant during winter at a mean distance
of 18 miles offshore in collections made between the Mississippi delta
and Mobile Bay (Fore, 1970). Fore (1971) also reported round herring
eggs and larvae during winter from areas farther offshore than Gulf men-
haden. An extensive survey of spawning in the nearshore environment was
completed during 1971 by the St. Petersburg Beach NMFS Laboratory as part
of the South Florida Environmental Project. These collections were made
between Cape Romano and Cape Sable on the southwest Florida coast; data
are presently being analyzed. !

¢ avsmpn ey n

The EGMEX and Western Florida Continental Shelf Programs began in
1970 and continued until 1972 (Rinkel, 1971 and 1974). As part of these
surveys of physical, chemical and biological problems in the Eastern Gulf,
estimates of fish egg and larvae abundance were made. Eggs and larvae °
were collected as part of the University of Miami's Sea Grant program
and by the NMFS as part of the Marine Monitoring and Assessment Program
(MARMAP) . Rinkel (1971 and 1974) has discussed the cooperative effort
that contributed to these programs and has summarized much of the cruise
and station data. Some preliminary results of the egg and larvae
research have been published (Houde, 1973; Houde and Fore, 1973).




The University of Miami Sea Grant
Egg and Larval Survey

Primary importance was attached to assessment of abundance of clupeid
stocks in the Eastern Gulf because these offered the most obvious potential
source of increased harvests to commercial fishermen (Bullis and Carpenter,
1968; Wise, 1972). My research has been confined to clupeid eggs and
larvae and some results are presented in this report. Larvae and juveniles
of other fishes from these collections are being studied by the NMFS,
southeast Fisheries Center, Miami, and will be reported on by that agency
when data analysis is completed.

A grid of stations at 15 mile intervals was designed (Figure 1) and
samples have been collected from 15 cruises between 1971 and 1973. Not
all stations have been sampled on each cruise. Recent cruises have
sampled between 50 and 60 of the 185 stations on the grid. Statioms
extend from the 5 fathom to the 100 fathom contour, with a few stations
extending beyond the 100 fathom line. The 60 cm diameter Bongo net plank-
ton sampler with 505 and 333 p meshes has been towed in oblique hauls from
near bottom, or 200 m, to surface. Temperature and salinity date from
hydrocasts, BT, and STD traces have been obtained at each station; plank-
ton volumes were determined from the 333 p net catch. Five cruises were
completed during each of the three years that the <survey has been run.

Thread herring: This species is abundant and is found nearshore in
the Eastern Gulf. Kinnear and Fuss (1971) recently discussed adult dis-
tribution and migrations. Spawning, and abundance of eggs and larvae
vere reported (Houde, 1973) for the 1971 season. Most eggs were distrib-
uted within 40 miles of the Florida coast (Figures 2 and 3) and spawning
was most intense during spring and summer between Ft. Myers and Tampa Bay
in both 1971 and 1972. Distribution of larvae reflects the egg distribu-
tion but is somewhat more widespread (Figures 4 and 5). The distribution
of larvae € 5 mm length may be a better indicator of spawning than the
egg distribution, because the small larvae are less than 3 days old and
their distribution is less patchy than that of eggs. A preliminary and
conservative estimate of 350,000 metric tons has been obtained for adult
thread herring biomass, most of which is found between Ft. Myers and
Tampa Bay. The estimate is conservative because spawning probably is
more intense nearer to shore than our survey grid extends. Two cruises
scheduled for 1974 will sample nearshore areas to investigate this possi-
bility. Thread herring must be considered a large, potential fishery
resource in the Eastern Gulf. Presumably, they also constitute an impor-
tant food source for some predatory game and commercial fishes.

Menhaden: Two species of menhaden are found in the Eastern Gulf.
Most individuals north of Tampa Bay are the commercially important Gulf
menhaden; those south of Tampa Bay are largely yellowfin menhaden. Eggs
and larvae occur during winter and are found nearshore in the northeastern
Gulf and along the southwest Florida coast (Figures 6 and 7). They are
not as common as thread herring or round herring in the Eastern Gulf.

Round herring: The round herring apparently is abundant on the outer
shelf in the Eastern Gulf. It spawns during winter, mostly between 30 and
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200 m dopths, but some spawning occurs even farther offshore. There
appear to be two spawning centers for this species; one occurs near the
Tortugas Islands and the other, the most important area, occurs off Tampa
Bay. Egg and larval distributions during January 1973 are typical of
those observed during other cruises in 1971 and 1972 (Figures 8, 9 and.
10). Preliminary estimates indicate that a minimum adult biomass of
250,000 metric tons is present in the Eastern Gulf. Round herring eggs
and larvae occur in the oil lease areas and spawning might be temporarily
affected by an oil spill or other disturbances due to oil exploration.

Other Clupeoid Fishes; Spanish sardines, scaled sardines, and

anchovies occur in abundance in the Eastern Gulf. Scaled sardines spawn

nearshore in spring and summer. They are common but apparently not as

abundant as thread herring. Spanish sardines spawn from fall to spring

and their eggs and larvae are widespread in the Eastern Gulf. No good

estimates of abundance are yet available for Spanish sardines. At least :
three species of anchovies occur in the Eastern Gulf. Their larvae are .
common in plankton collections but adult abundance cannot be estimated ;
until specific identification is made of eggs and larvae. Both anchovy

and Spanish sardine eggs and larvae commonly occur in the areas of the

0il lease sites.

National Marine Fisheries Service
MARMAP Program

Much of the data collected as part of the University of Miami Sea
Grant Program was a cooperative efforct in conjunction with development f
of the ichthyoplankton survey that was a part of the NMFS Marine Monitor- :
ing and Assessment Program (MARMAP). Aprieto (1972) has determined dis-
tribution and abundance of larvae of 10 carangid species in the Gulf of
Mexico based on these data. She found that 45% of all carangid larvae
that were collected were round scad, and that most occurred on the outer
continental shelf in the Eastern Gulf. Both Metziger (1973) and Wilkens
(manuscript) examined effects of variations in Bongo net collecting
technique on certain aspects of egg and larval catches. In addition to
plankton samples, NMFS 1s analyzing a large volume of neuston net data
from which distributions of larvae and juveniles of some important game
and commercial species such as tuna, billfishes and delphin will be

determined.

-

S e .

e ey Wy o

Future Needs for Egg and Larvae Research

Seasonal surveys should be continued to monitor abundance of impor- ,
tant species in the Eastern Gulf. One drawback of egg and larval surveys .
is the time lag between collections and completion of data amalysis. i
Future surveys should provide enough help to quickly sort and identify
fish eggs and larvae so that useful information can be relayed to indus-
try or concerned parties in a short time frame. The number of species !
routinely surveyed should be increased to include heavily exploited !
species such as mullet, snappers, groupers, and mackerel, as well as :
some fishes that can be considered indicator organisms, such as the dusky '
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flounder and round scad whose larvae are abundant over much of the East-
ern Gulf.

Studies on the taxonomy of eggs and larval stages are needed. Eggs
of only a few species are recognized from the Eastern Gulf and larvae of
many species cannot be classified beyond the family level. These types
of studies would be particularly valuable with respect to snappers and
groupers, because most species cannot be recognized yet in the larval
stage.

Nearshore surveys of eggs and larvae are needed to complement more
extensive research that has been completed on the outer shelf. Some
economically important species apparently complete.their life cycles in
Eastern Gulf estuaries or not far offshore. These include the sciaenid
fishes such as seatrout, drum, and croakers. A survey by NMFS from Cape
Romano to Cape Sable, that is now being completed, will provide valuable
data on nearshore spawning by Gulf fishes. Jannke (1971) surveyed larvae
of sciaenid fishes in Little Shark River, an estuary in Everglades National
Park. Other estuary systems also should be studied to determine which are
important spawning and nursery areas in the Eastern Gulf.

Egg and larvae surveys are of potential use to evaluate changes in
abundance of certain species that might occur as a result of oil explora-
tion and production. It is well known that sportfishing catches are
enhanced near platforms and drilling rigs in the Gulf of Mexico. But, a
controversy has arisen regarding whether abundance of fish has increased
or whether they have simply been concentrated around the platforms. Any
significant change in abundance of planktonic eggs and larvae could be
measured and would be a reflection of changes in adult stock size.
Because eggs and larvae are more or less at the mercy of water currents,
they would be dispersed from the immediate vicinity of platforms, and
because they offer relatively little avoidance to sampling gears their
abundance would provide an accurate estimate of adult abundance in a
sampling area. Surveys of eggs and larvae also would be of obvious value
to determine any effects on spawning success that might result if an
extensive oil spill occurred.
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1.

Figure 9.

Figure

Figure Legends

Sampling stations for eggi and larvae of fishes, used by the
University of Miami Sea Grant program and the National Marine
Fisheries Service MARMAP program from 1971 to 1973.

Distribution and abundance of thread herring eggs in the
Eastern Gulf of Mexico during May 1971.

Distribution and abundance of thread herring eggs in the
Eastern Gulf of Mexico during August 1971.

Distribution and abundance of thread herring larvae < 5.0 mm
in length in the Eastern Gulf of Mexico during May 1971.

Distribution and abundance of thread herring larvae of all
lengths in the Eastern Gulf of Mexico during May 1971.

Distribution and abundance of menhaden eggs in the Eastern
Gulf of Mexico during January 1973.

Distribution and abundance of menhaden larvae of all lengths
in the Eastern Gulf of Mexico during January 1973.

Distribution and abundance of round herring eggs in the Eastern
Gulf of Mexico during January 1973.

Distribution and abundance of round herring larvae £ 5.0 mm in
length in the Eastern Gulf of Mexico during January 1973.

10. Distribution and abundance of round herring larvae of ail

lengths in the Eastern Gulf of Mexico during January 1973.
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Eastern Gulf of Mexico Ichthyopiankton Sampling Stations.
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Opisthonema Eggs

May, 1971
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Opisthonema Eggs

Augqust, 197]

“o “0 ®
a2° 003 *

LS

¢ ¢ & 4 & S 40

* o * L g ¢ ¢ ¢ & ¢ o * &

e 1-10 NUMBER L e *

e 10-100 UNDER . * ¢+ e o+ 0

®100-1000 !0Om* R .

@ >1000
2 g i 24.
86° 84° 82° 80°

FIGURE 3.

197

any



Opisthonema Larvae (< 5.0 mm)

May, 1971
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Opisthonema Larvae (all sizes)
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Brevoortia Eggs

January, 1973
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Brevoortia Larvae (all sizes)

January, 1973
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Etrumeus Eggs
January, 1973
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Etrumeus Larvae (<50 mm)
Jonuary, 1973
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Etrumeus Larvae (alj sizes)
January, 1973
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Nature and Status of the Marine Sport Fishery
in the Eastern Gulf of Mexico
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Introduction

In the eastern Gulf of Mexico the marine sport fishery may be sub-
divided into several categories according to the areas where fishing is
conducted and the method used. For example, in the coastal fishery are
included fishing activities conducted from the shore, piers, bridges, and
jetties. The offshore category comprises activities such as trolling for
billfishes and tunas from private or charter boats. Overlap between
these two categories is shown by certain types of fishing that cannot be
classified as either offshore or coastal. Also, some bottom fishing,
although conducted from boats, is done so close to shore that it could
almost be classified as pier or jetty fishing.

In this report the marine sport fishery of the eastern Gulf of Mexico
i8 considered as extending from the mouth of the Migsissippi River east-
ward and southward to the Florida Keys. It is estimated that every year,
in this region of the Gulf, 1,480,000 anglers catch 178,277,605 fish
weighing 339,832,049 pounds. It is also estimated that the annual sum
spent in marine sport fishing in the eastern Gulf amounts to $263,588,000.

Coastal Fishery

In this category are included fighing activities conducted from the